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PREFACE TO THE REVISED EDITION. 



As shown by the constant demand for it, Thb 
Practical Bbass and Iron Founder's Guide 
still maintains the popularity and reputation it haa 
enjoyed for so many years. 

Th3 issue of a new edition having become nec- 
essary, a large amount of new and important matter 
has been added, in order to bring the work up to 
modem times. Some portions of the original edition 
being out of date have been eliminated, whilst in 
others a few alterations have been made. However, 
in making these alterations as well as the additions, 
the aim of the author — ^to prepare a handy book for 
the use of the practical workman — ^has been con- 
stantly kept in view. 

The book has also been provided with a copious 
table of contents and a very full index, which will 
add ftirther value by rendering any subject in it 
easy and prompt of reference. 

In its enlarged and improved shape, it is hoped 
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that the work will fiilly maintain its claim to the 
favor it has so long enjoyed as a full and intelligible 
guide in the workshop. 
Philadelphia^ June 16, 18M. 



PREFACE TO THE FIRST EDITION. 



The world a,t preaeot groans under a load of new 
publications on every brancli of science and art; with 
wliich DO former period of our literary annals can for 
a monaent be compared. 

The most assiduous students, unable to peruae a 
tbouBondtb part of the works which are daily solicitlug 
their attention, are quite perplexed and distressed 
about wLat to chooae and wbat to reject. 

This I have frequently found to be the case with 
myself, and while debating the question in my own 
mind, bave lost, in doubt and uneaainesa, tbe time I 
meant to set apart for practical manipulation. 

Impressed, therefore, with the unspeakable disad- 
Tantnges that result from the circumstances just stated, 
and anxious to save others, iu some degree, from that 
unpleasant dilemma in which I have myself been so 
often placed, I have resolved on the present publica- 
tion, which I hope will to a very great extent accom- 
pllsli tbe useful object I have in view. 

W^ith what judgment, however, the design has been 
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formed, and with what skill it has been executed, it 
becomes not me to determine — ^that question, to the 
result of which I am deeply alive, remains now with a 
higher tribimal. 

During the last fifteen years I have, from time to 
time, contributed papers to well known mechanical 
and philosophical publications, on subjects herein 
discussed. These I have carefully revised for the 
present work, and have added much information 
gleaned in the field of experience, and from the arcana 
of science. 

I would add in conclusion, that I have been prac- 
tically employed in the business for thirty-four years, 
having conducted the work, in all its branches, at 
Messieurs Sandford et Varreles, Kue de Kochecourt, 
one of the largest ateliers in Paris, as well as at the 
British government works, steam-engine and ship- 
building yard, Woolwich, London, for the last eleven 
years — so that the reader may relieve himself of all 
doubt and difiScultv in the matter. 

James Labkht. 
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ON THE PROPERTIES OF THE MBTALS. 

TsB metals constitute by far the most numerous 
class of und^compounded bodies in chemical arrange- 
ments. They are, in general, readily distinguished 
from other substances, by characters which every 
one recognises ; but to an ordinary observer they do 
not appear to differ essentially from one another ; 
they seem rather to owe their differences of colour, 
and oth^r physical properties, to a tinge and cha- 
racter given to them by adventitious circumstances, 
and perhaps some trifling admixture of other sub- 
stances. This opinion is natural, and was at one 
time the prevailing doctrine of the learned. 

When chemistry began to be developed in the 
hands of the alchemists — upon whom it has been 
fashionable to heap ridicule for the extravagances 
rtf their iio*;ion8 — ^it was generally admitted that all 



2 BBASS AND IRON FOUNDER. 

metals were essentially the same ; and as gold was 
reckoned the most precious, it was assumed to be 
the pure basis of all the other metals. Upon this 
assumption, the aim of alchemy was direct and ra- 
tional; its object was to separate the substance, 
whatever it might be, the presence of which pre- 
vented lead and other base metals from being gold. 

It is hardly necessary to observe that these efforts 
failed. Accordingly modern chemists, taught by 
experience to believe the required decomposition 
impossible, have come to the matter-of-fact conclu- 
sion that when metals are of different colours, degrees 
of hardness, lustre, ductility, fusibility, and so ou« 
that they are of different natures. 

Although the metallic character be readily and 
popularly recognised, it is di£Scult to define it with 
accuracy. 

With the single exception of quicksilver, the 
metals are all solid at ordinary atmospheric tem- 
peratures ; but their most striking property is their 
lustre, which is so remarkable as to be at once 
understood by the expression, metallic lustre. This 
property belongs, in a greater or less degree, to 
every metal : it is the property of strongly reflect- 
ing light, and seems connected with a certain state 
of aggregation of the n^etallic particles. The same 



PROPERTIES OF THE UETAI^. S 

property is however possessed, at least superficially, 
in a mi nor degree, by mica, animal charcoal, 
sileninm, and polished indigo — bodieB not at all 
metallic. 

In consequence of the peculiar power of tho 
menials to reflect light, they are no less remarkable 
for their opacity than their lustre. Thus, silver- 
leaf, only one handred- thousandth of an inch in 
thickness, is perfectly opaque; and leaves of other 
metals, in general, allow no light to pass through 
their Hubatance. Tet gold-leaf, of the two hundred- 
thousandth part of an inch in thickness, would seem, 
as observed hy Sir Isaac Kewton, to transmit green 
rays of light; and it is profaahle that, could we 
obtain films of other metals of equal thinness, they 
would be found to allow certain rays to pass through 
them. The fact, as observed with gold, has how- 
ever been ascribed to the porosity of the metal, the 
raja transmitted passing through an infinite number 
of minute fissures in the tLin leaf. This, it must 
be admitted, is quite compatible with perfect opacity 
of the substance of the metal ; the leaf, like a piece 
of wire gauze, allowing the light to pass only through 
its inierstices, and not through the solid metal itsell, 
wliicb may be perfectly impervious to all luminoua 
rays. 



4 BRASS AKD IRON FOUNDKR. 

The polished metals are imperfect radiators and 
receivers of heat, but they are excellent reflectors, 
both of light and heat : hence tbeir peculiar fitness 
for the construction of mirrors. They are also, in 
general, excellent conductors of heat, and most of 
them also of electricity, though probably not all. 
The greater number of them are susceptible of 
assuming the crystalline form. With several of 
them this may be effected by fusion and slow 
cooling. Thus, by suffering the melted metal in 
a crucible slowly to concrete externally, and then 
perforating the solid crust, and pouring out the 
liquid interior, the cavity so formed will be foun*? 
lined with crystals. 

When a metal is precipitated by another, it is 
often deposited in a crystalline state. Thus, if a 
little mercury be thrown into a solution of nitrate 
of silver (lunar camstic), the silver is precipitated in 
beautiful crystals. The same phenomenon occurs, 
when a bit of zinc is suspended in a salt of lead. 
In like manner, if a stick of phosphorus be immersed 
in a silver solution, it becomes incrusted with beau- 
tiful metallic crystals, which after some time per- 
fectly encase the phosphorus. Gold is also some- 
times deposited in crystals from its ether solutions ; 
and during the decomposition of several of the 
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metallic solutions, by galvanic electricitj^ ospeciall v 
wlien low powers are employed, beautiful metallic 
crystals are often obtained. This is readily verified 
with solutions of copper and silver salts. 

The metals possess, in different degrees, a pecu 
liar tenacity, which, in its greatest perfection, ren- 
ders' them malleable and ductile — that is, capable 
of being extended under the hammer, and drawn 
into wire — ^properties which belong to no other 
species of matter. Thus, gold and silver may be 
beaten into leaves almost inconceivably thin : cop- 
per, tin, platinum, and lead, possess the same pro- 
perty, but less perfectly ; others are entirely desti- 
tute of it, as arsenic, antimony, and cobalt. These 
last can indeed be readily reduced to fine powder, 
and hence they are distinguished as brittle metals. 

Those metals which are malleable are also ductile , 
these properties are analogous, but do not appear 
to bear a uniform relation to each other, among the 
metals possessing them. Gold and silver are, how- 
ever, the most ductile, as they are the most malle- 
able. Thus, a grain of gold may be extended by 
liammering, so as to cover fifty-two square inches of 
surface, or it may be drawn into 500 feet of wire, 
and by enveloping it in silver, it may be extended to 
700 fef?t. In like manner, platinum, which is in- 
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ferior to copper and tin in malleability, has been 
drawn into wire not more than the ^TjJuoth of an 
inch diameter — a degree of iSneness, which, except 
under certain circumstances of illumination, is in- 
visible. Iron may be drawn into wire as fine as the 
human hair; copper is less ductile, and zinc, tin, 
and lead, can be drawn into wire, but considerably 
less fine. The brittle metals, as might be supposed, 
do not draw. 

The following table shows the order which the 
metals bear to one another, in respect to these pro- 
perties : — 



A TABU SHOWniO THl ORDER WHICH THE MBTALB BBAB TO OKI 
AKOTHBR IN BBSPKCT TO THEIR PROPERTIES : — 



OidoroflfaUe- 
ftMlity. 


Order of DaotiUty. 


Order of Tenacity. 


Order Of BrttUe- 
nefls. 


Gold, 


Gold, 


Iron . . 1000 


Antimony, 


SUver, 


Silver, 


Copper 550 


Arsenic, 


Copper, 


Platinum, 


Platinum 494 


Bismuth, 


Tin, 


Iron, 


Silver . . 849 


Cerium, 


Cadmium, 


Copper, 


Gold . . 273 


Chromium, 


Platinum, 


Zino, 


Zinc . 199 


Cobalt, 


JLead, 


Tin, 


Tin . . . 63 


Columbium, 


Zino, 


Lead, 


Lead . . 50 


Manganese, 


Iron, 


Nickel, 




Molybdenum, 




Nickel, 
Palladium, 


Palladium, 
Cadmium, 


Iron wire l-tenth in. 
dimmeter U capable 
of iDstaining SOOlba. 


Tellurium, 
Titanium, 


Potassium, 




arolrdopoia. 


Tungsten, 


Sodium, 






Uranium, 


Solid meronxy, 






Bhodinm. 
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are scratched by calo-spar. 



Few of the metals when pure are very hard, and 
some are so soft as to yield to the nail. The fol- 
lowing table of hardness is given from the expeh- 
ments of M. Damas :— 

Titanium, 

Tungsten, Y are harder than steel. 

Manganese, 

Platinum, 

Palladium, 

Copper, 

Gold, 

Silver, 

Tellurium, 

Bismuth, 

Cadmium, 

Tin, 

Chromium, 

Rhodium, 

Nickel, 

Cobalt, 

Iron, 

Antimony, 

Zinc, 

Lead yields to the nail. 

Potassium, 

Sodium, 

Mercury is liquid above minus 89**, 



scratch glass. 



are scratched by gl 



} 



are soft as wax at 60^. 
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in respect to/w«tW»Yy— that is, the capability of 
being melted by heat-^the metals differ fr.om each 
other >as widely as in .any other xespect. Tbu9,. mer- 
cury requires to be cooled down .to roiftU8<89° .before 
it becomes solid, whereas the melting point of pla- 
tinum is scwnewbere beyond 3280°. Potassium i»elts 
at 140°, and sodium at 190°. Tin becomes liquid 
at 444°, bismuth at 500°, lead at 600°, zinc at 770°, 
and antimony at 800°. Silver, gold, and copper, 
require a bright cherry-red heat to melt them /about 
2000°) ; cast iron, nickel, and cobalt, a white beat 
(about 2800°) ; and manganese, and malleable iron, 
the highest heat of a smith's forge (about .3000°). 
The highest temperatures of our furnaces jar,e j^nly 
sufficient to agglutinate very imperfectly . the ^oaetals 
molybdenum, uranium, tungsten, and chromium; 
and titanium, cerium, osmium, iridium, rhodium, 
platinum, and columbium, require the intense heat 
of the oxy-hydrogen blow-pipe, or that of voltaic 
electricity, to fuse them. Some of the metals, when 
exposed to heat, not only melt, but, obeyipg the 
general law of li(juids, boil and evaporate when, the 
heat is sufficiently high. Thus, mercury, zinc, cad- 
mium, bismuth, tellurium, and antimony, boil and 
evaporate at a red heat; and, in a vacuum, mercury 
is known ti evaporate at ordinary atmospheric tern 
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poraturea (above 50°); Bilver and lead require a 
high heat to vaporize them; tin a still higher heat; 
and gold will only evaporate slowly under the most 
intense heat that can be applied. Several of the 
other metals, as iron and nickel, cannot be made tc 
evaporate in the moat intense heat with which we 
»re acquainted. Arsenic, on the other hand, eva 
porates without melting. 

There are several of the metals which emit a pecu- 
liar odour, especially when rubbed, or have their 
temperature slightly raised. This is particularly the 
case with copper, iron, and tin. The vapour of 
others is very remarkable. The arsenic vapour has 
the smell of garlic; that of tellurium smells like 
horseradiah ; and osmium takes its name from the 
smell of its vapour (osme, odour). Some of the 
metals have also a peculiar taste when applied to the 
tongue, which has been ascribed to their electrical 
condition ; but it must be remarked that many of 
the most oxidahle metals are entirely destitute both 
of taste and odour. 

A high specific gravity was reckoned one of the 
most marked characteristics of the metals, till the 
discovery of the metallic basis of the alkalies by 
Sir Humphrey Davy. So intimately indeed was the 
ujotailic lustre associated in the mind with greu 
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weight, that when a piece of potassium was put, for 
the iSrst time, into the hand of an eminent teacher 
of chemistry, in admiring its perfect metallic cha- 
racter, he poised it upon the finger, and exclaimed, 
" How heavy !*' and the prejudice was only removed 
by seeing it float upon water. The list oT metals, 
however, includes the densest forms of matter with 
which we are acquainted; and, although great weight 
cannot be regarded as a universal property, we have 
few examples in which the density is less than the 
density of water. These examples comprehend only 
potassium and sodium; all other metals are of 
greater specific gravity, up to platinum, which is 
twenty-one times the weight of an equal bulk of 
water. 

■ 

The degrees of facility with which the metals 
combine with oxygen differ widely. Some, by mere 
exposure to the atmosphere, absorb its oxygen with 
great rapidity : such is the case with potassium and 
sodium : others absorb it more slowly, as manganese, 
iron, and arsenic ; and lead and copper still more 
slowly. Others, again, do not oxidate by exposure 
to air, unless at a high temperature ; this is the case 
with tin, zinc, mercury, antimony, bismuth, and 
cobalt, which absorb the oxygen readily when in a 
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State of fusion. Others, again, do not oxidate b; 
exposure to air and heat, or by immersion in water, 
as gold and platinum ; the same is nearly true of 
nickel and silver. The tendency of the metals to 
combine with oxygen appears, however, to be greatly 
influenced by their mechanical condition ; for some 
of them, which are only slowly oxidized by expo- 
sure to air and heat, are rapidly acted upon when 
in very fine mechanical division, even at common 
temperatures. 

In combining with oxygen under heat, some of 
the metals burn with great splendour : this is exem- 
plified in copper, zinc, tin, and bismuth. Iron filings, 
when thrown even into the flame of a candle, and 
very fine iron wire, when held in the external part 
of the flame, take fire and throw oS* beautiful scin- 
tillations. Antimony burns at a white heat, and 
tellurium burns before the flame of the blow-pipe. 
In short, at intense heats most of the metals may 
be burned, and, if placed in the flame of the oxy- 
hydrogen blow-pipe, they deflagrate with intense 
brilliancy and great facility. 

On the other hand, potassium burns by contact 
with a piece of tcCj with as much intensity as others 
do in the oxy-hydrogen flame. 
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The metals, bj combination with oxygeii, lose 
their metallic characters, and form an important 
series of definite compounds known as the metallic 
oxides. These have yer j different characters and pro« 
perties ; even the same metal not unfrequentlj affords 
oxides which differ from each other widely in pro* 
perties and appearance. Thus fifty parts of mercury, 
combining with one part of oxygen, produces a black 
oxide, and with two parts of oxygen, the oxide is 
red and highly poisonous. Many of the metals 
thus afford more than one oxide; and it is to be 
observed, that when the same metal unites in more 
than one proportion with oxygen, the oxygen in the 
second and higher oxides bears a definite arith- 
metical relation to the first ; and when two oxides 
are thus formed, that having the minimum of oxy- 
gen is termed the protoxide, and that with the 
maximum of oxygen the peroxide. This law of 
definite proportions will be explained hereafter. 

Among the combinations of metals with oxygen, 
some are soluble in water and alkaline, such as the 
fixed alkalieSy soda, potash, and lithia, and the 
alkaline earths; others are soluble and sour, form- 
ing the metallic acids. Some are insoluble in water, 
and have neither taste nor smell ; and many when 
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taken into the stomach act as poisons. Thus, oxide 

of arsenic is a notorious and virulent poison ; oxide 

of copper is less virulent than arsenic; oxide of 

lead is a painful poison; oxide of nickel is also 

destructive of life; and the peroxide of mercury, 

onless in small quantities, is likewise poisonous. 
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ON METALLIC ALLOYS. 

The metals, for the most part, may be combined 
with each other, forming a most important class of 
compounds, known as the metallic alloyB. Many 
of these are more useful than the metals of which 
they are composed, and possess properties a good 
deal different from their elements. One of the best 
known and most serviceable of all the alloys is brass, 
I compound of zinc and copper : it is harder, more 
ftsily melted, more close in the texture, better 
;oloured, and less liable to tarnish than copper ; it 
is less brittle, and in every way more valuable than 
zinc. Pinchbeck is composed of the same ingre- 
dients as brass, but in different proportions, the 
zinc predominating. Copper and tin are two very 
soft and flexible metals, which, being fused together, 
form the alloy known as bell-metal, which is harder 
than iron, very brittle, and very sonorous. The 
same materials, in different proportions, form spe- 
culum metal, and the kind of ordnance improperly 
called brass cannon. Pewter is composed of tin 
and lead, sometimes with the addition of zinc, cop- 
per, or bismuth. 
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Plates upon'whioh rausic is stamped are composed 
of tin and antimony; and printing types are formed 
of an alloy of lead and antimony, with a slight ad- 
dition of bismuth. Tin-foil is an alloy of tin and 
lead; and plumbers' solder is composed of the aanie 
metals. Fusible metal ia a compound of bismuth, 
lead, and tin, with Bometimes a little mercury. 

An amalgam of zinc and mercury ia used for ex- 
citing electric machines, and that of mercury and 
tin is the compound employed for silvering looking- 
glasses. Gnid coin is an alloy of gold and copper, 
in the proportion of 11 to 1 ; and jewellers' gold ia 
an alloy of the same metals in the proportion of 3 of 
gold to 1 of copper. Green gold has silver instead 
of copper. Silver coin, in like manner, is an alloy 
of silver and copper in the proportion of 37 to 8, 
These alhyg of gold and silver are harder, and 
consequently less liable to wear than the pura 
metals. 

It is worthy of remark, tbat in the formation of 
alloys, the metals in the act of combination gene- 
rally evolve heat. For instance, when platinum and 
tin-foil are fused together, there ia the most vivid 
ignition ; and when einc and copper are suddenly 
mixed, in the proportion to form brass, i 
of beat ia such as to vaporize part of the metal. 
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The alloys are formed by various processes, de- 
pending upon the nature of the metals employed. 
Most of them are prepared by simply fusing the 
two metals together ; but if there be a considerable 
difference in their specific gravities, the heavier 
very generally subsides, and the lower part of the 
mass thus differs in composition from the upper. 
This may be in a great measure prevented by agi- 
tating the alloy till it solidifies, but this is not 
always convenient. Thus, in stereotype plates 
which are cast vertically, the upper side usually 
contains more antimony than the other. The same 
is observed when an alloy of gold and copper is cast 
into bars ; the mould being placed perpendicularly, 
the upper part of the bar contains more copper than 
the lower. Copper and silver evince the same ten- 
dency to separate; although they appear readily to 
combine, it is found extremely difScult to form a 
bar of their alloy of perfectly uniform composition 
throughout. Many of the alloys, however, appear 
to be true chemical compounds ; and in some cases 
the metals unite in xiofinite proportions only. 

It is indeed not im^M obable that wherever metals 
do form alloys, that the alloys so formed are definite 
compounds, and that any undue quantity of either 
nnetal present, simply mixes mechanically with the 
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mass. TLua, amoog the artificial as well as natural 
alloys, there are many which crystallize; and in 
some cases, the true compound may be separated 
from the mere mixture of the superfluous metal by 
the process of crystallization. 



The tendency of the metals to unite with other 
elements, and with each other, prevents their being 
often found disBeminated in mineral nature, in their 
pure metallic state. 

Some of them do occur so nearly pure as to be 
oalled native metals, Thns gold is found only 
slightly alloyed with silver and copper, and pla- 
tinum occurs as an alloy of iron, palladium, iridium, 
rhodium, and osmium. Silver, copper, mercury, 
antimony, bismuth, arsenic, and tellurium, occur 
both in the native metallic state, although never 
absolutely pure, and mineralized with other bodies. 
Lead, tin, zinc, iron, antimony, and several others, 
are extensively disseminated as sulphurets, that is, 
combined or mineralized by sulphur. 

The combination of a metal with its mineralizing 
Bobstance, is what we denominate an ore; and it is in 
this state of ore that metals occur, when they are not 
found native. The ores are exceedingly diversified 
in appearance; sometimes they possess metallic 
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lustre ; sometimes tbey appear stony, at other times 
earthy. • In some instances they are crystallized 
into regular forms, but more commonly they occur 
in shapeless masses. The ores are chiefly found in 
oeim — that is, large fissures of rock, especially the 
cpranitic, schistous, and limestone rocks; but some- 
times they are found in rounded and detached frag* 
ments, disseminated through certain alluvial and 
diluvial strata of the earth. The extraction of the 
metal from them is denominated their reduction,. 
and implies a laborious series of operations, me- 
chanical and chemical, comprehended under the 
term metallurgy^ 



TABLE OF UBtitS, 

The foUowing table contains an enumeration < 
the metals, and may he oaeful for reference. The 
column headed "equivalents," shows the weight 
which unites with 8 oxygen to form the oxides, and 
the succeeding column contains the symbols by which 
the metals are denoted in systematic chemistry. 
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ON THB CONDUCTING POWERS OF VARIOUS METALS 
FOR VOLTAIC ELECTRICITY. 

The researches of Pouillet have thrown much 
light upon our knowledge of the conducting powers 
of various bodies for voltaic electricity, and the 
results he has arrived at enable him to express the 
relative conducting powers of the different metab 
by the following numbers : — 



Palladium 






6791 


Silver . 






6162 


Gold . 






8976 


Copper . 






8838 


Platinum 






866 


Bismuth 






384 


Brass from 






900 to 200 


Cast steel from 






800 to 600 


Iron 






600 


Mercury 






100 


The resistance of m 


etals 1 


to cor 


iduction of elect 



city has been accurately ascertained by means of 
the degrees of heat evolved by the passage of a 
current of equal intensity through different metals ; 
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the heat developed in conducting wires is in propor- 
tion to the extent of surface of the positive plate, 
no matter whether the current emanate from a sin- 
gle cell or a series of cells. The following table 
shows the degrees of heat evolved by an equal cur- 
rent from different metals, measured by the pressure 
of expanded air upon a column of alcohol : 



MetalB. 


Heat Erolyed. 


Redstanoe. 


Silver . • . • 


6 


1 


Copper .... 


6 


1 


Gold .... 


9 


1} 


Zinc .... 


18 


8 


Platinum 


80 


6 


Iron 


80 


6 


Tin . ... 


86 


6 


Lead 


72 


12 


Brass . ... 


18 


8 



It is apparent that the conducting powers of thu 
above metals are inversely as these numbers. Sil 
ver being a better conductor than lead, in thr 
ratio of 12 to 1. 
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BEHAVIOR OF METALS AND ALLOYS IN MELTING AND 

CONGEALING. 

The metals are not all equally suitable for casting, 
their availability for this purpose being dependent 
on their behavior in melting, casting and congealing. 

The fusibility of the metals and their condition in 
a melted state have first to be considered. Metals 
fusing with diflSculty (platinum, etc.) and those 
which are too thickly-fluid in a melted state (white 
pig-iron) are not, or but seldom used for castings. 
The average temperatures — melting points — at which 
the metals liquefy are as follows: 

Cast steel melts at 2507® F. 

Gray pig-iron ... " 2327 ** 

Copper " 1992 " 

Gold " ..... 1992 " 

White pig-iron ... " 1967 " 

Silver " 1832 " 

Zinc " 779 " 

Lead " 639 " 

Bismuth " 612.6 " 

Tin " 451.4 " 

The melting points of alloys are, as a rule, lowei 
than those of their constituent metals. 
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With some metals — ^for instance tin — the transition 
from a solid to a fluid state takes place suddenly, 
while others first pass into a pasty state. In the 
first case the metals are generally more thinly-fluid, 
which, however, is frequently dependent on foreign 
admixtures. Phosphorus increases the fluidity, while 
sulphur decreases it. The fluidity of brass, German 
silver and bronze is promoted by zinc. Lead has 
the same efiect upon bronze and tin alloys. 

The more thinly-fluid the metals are, the more 
suitable they are for casting, since they fill the 
moulds well and permit the manufacture of castings 
with slight cross-sections. Castings must, as a rule, 
possess an accurately prescribed size. The dimen- 
sions of the patterns are always somewhat larger 
for the following reasons: All metals, when heated, 
expand, and, hence, after cooling have a smaller vol- 
ume than in the heated state. Furthermore, a de- 
crease in volume also takes place in the transition 
from the fluid to the solid state, zinc and cast iron 
alone forming an exception, they expanding on con- 
gealing. But, on the whole, the expansion in con- 
gealing is not so great as the decrease in volume in 
cooling, so that the casting will always be somewhat 
smaller than the pattern. Only with a few varieties 
of cast-iron rich in graphite, the contraction in cooling 
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the rim which is thinnest is cooled off by the walls of 
the mould and sets immediately. The arms, contain- 
ing more metal in a mass, cool next and set. The 
hub, containing the most metal in a mass, cools last 
and sets, but in doing so, like all the rest of the 
metal, has a tendency to contract from its moulded 
size. It is now easy to see that the shrinkage of the 
hub will have a tendency to separate itself from the 
arms, or these from the rim, hence the strain upon 
the rim is of such a nature as to cause it to close to- 
gether and form a circle of less diameter than is 
natural. When the piece is broken out the strain 
relieves itself by drawing the rim together. To 
overcome as much of the evil of this strain as possi- 
ble, it is usual to curve the armis, which by straight- 
ening somewhat under the influence of the strain, 
renders them less likely to be broken. 

If a piece be broken from a ring no perceptible 
change of form will take place, the piece can be re- 
turned quite readily and will be found to fit ; this, 
however, does not prove that there is no strain pres- 
ent ; on the contrary, we will show that there in. 

When the ring is first cast, the walls of the mould 
cool off the inner and outer circumferences immedi- 
ately, causing them to set, the central core of the 
metal still remaining hot. In a few moments more it 
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seta, and in shrinking exerts two influences, one to 
reduce its own diameter and that of the outer crust 
to which it is attached and which has already set ; 
and the other to crawl around in the direction of the 
circumference, whereby, with reference to the outer, 
there is a tendency to close together ; yet, with ref- 
erence to the inner crust there is a tendency to open 
outward. Hence if the ring be put in a lathe, and 
(he outer crust removed, the gap will be noticed to 
dose in, increasing in this tendency as we near the 
centre of the ring with the tool. As we progress 
toward the inner crust from the centre, an opposite 
effect will be produced, and the gap will be noticed 
(0 open. In a ring of 27 inches diameter, turned 
611 the outer crust was just removed, the ring closed 
together ^ of an inch in 4 inches. 

Cylinders are no more than deep rings, and the 
strains explained under rings are also present here. 
The shrinkage strains within hollow, spherical shell 
castings are similar to those explained under rings, 
they being no more, in fact, than rings continued 
about a central axis. In the case of solid globular 
castings, the heart or central point within will usually 
be found hollow or porous, owing to the following 
causes : The walls of the mould cooling off the outer 
wfacAy cauaes it to set immediately ; the interior, 
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cooling from the exterior inward, endeavors to shrink 
away from the outer crust, which resists its so doing ; 
hence, the interior is kept to a greater diameter than 
is natural, and, there being but so much metal in the 
entire mass, the atoms are drawn away from the cen- 
tral point toward all directions to supply the demand 
made by the metal in shrinking. 

The general laws regarding shrinkages are pre- 
sented by Mr, Alfred E. Watkins as follows: The 
most metal in a mass always shrinks last; hence, if a 
casting be composed of irregular thickness it will be 
liable to be broken by the forces contained within 
itself. It is, therefore, especially necessary that 
columns and castings, supporting or resisting great 
pressures, should be so designed as to prevent this 
great error. Mouldings on columns are often so 
badly designed with regard to this matter, that the 
columns are excessively weak where they should be ' 
strongest. As a rule, mouldings should seldom be 
cast on a column, but rather bolted on. Much of the 
irregularity of flat castings and those of irregular 
shapes could be remedied by a proper attention to 
cooling the castings while in the mould. To be sure 
this is done to a certain extent, though few moulders 
know why they do so. They know that by removing 
the sand from a particular casting it will straighten 



\ 
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in the shrinking. This is but the result of experi- 
ence, not of thought or any attempt to know why 
they so act. It is useful to know also that all 
shrinkage takes place while the casting is changing 
(rom a red to a black heat. 
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ON FOUNDINQ. 

The general object of f minding is, to mould iron^ 
copper, tin, zinc, lead, &c., &c., in a melted state 
into the various forms required for the parts of 
machines and other constructions. 

Wrought iron and steel cannot be properly melted 
by heat. At high temperatures they drop away and 
spark off, while the main body of the metal main- 
tains its consistency, anav"; undergoes rapid oxida- 
tion, as is shown by the scales which are perpetually 
formed on its surface. 

These metals are, however, in this condition ren- 
dered extremely ductile, and the wrought iron espe- 
cially may be fashioned with facility into any 
required form, by the application of the hammer. 
On the contrary, pig iron, of which wrought iron 
and steel are preparations, has peculiarly the pro- 
perty of liquefaction by heat, and is therefore well 
adapted as a material for castings, in which strength 
and hardness are required. 

The business of the founder is therefore to take 
advantage of the common law, according to which 
fluids always find their level. If, for example, a 
qualtity of water be poured into a vessel, however 
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carJoufily shaped, it first finds the bottom, and then 
spreads on all sides as it rises, filling every comer 
it can reach. The body of water mnst then be a 
perfect model in form of the interior of the Yeseel, 
and this may be aeen by solidifying it in its place 
by the application of cold, and extracting the body 
of ice. 

To mould a quantity of melted metal into a 
desired form, two things are therefore necessary: 
first, a model, or pattern of the required form. 
Secondly, a substance of sufficient susceptibility and 
adhesiveness to receive accurately, and to retain 
impressions of that pattern made upon it, against 
the violence of the liquid metal, when run into the 
mould vhich is thereby formed. 



BRASS FOUNDINS. 

Brass rouNDraa, considered as a branch of engi- 
neering, is beset with a host of empirical rules and 
fancies, to an extent which naturally surpriaes tie 
scientific practician, when he considers it with regard 
to the present calculating and philosophizing &ge. 
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Every founder thinks he possesses the only tmo 
and orthodox system of producing first-rate castings, 
and, as a matter of course, every one differs from 
his neighbour in his routine of practice, without 
reflecting that the process admits as fully of a reduc- 
tion to scientific rules as any of its sister branches 
of the manipulatory art. 

It is scarcely necessary to observe, that excellence 
can never be attained in any art in the prosecution 
of which so loose a system is tolerated : guesB-work 
will ever give chance results, productive only of 
inconveniences and objections, which a more system- 
atic code of regulations would entirely obviate. The 
number of alloys of copper which come under the 
generic name of brass, as has been shown, amount 
to a numerous family, and are of the greatest im- 
portance, not only to the engineer, but to artists 
generally, involving the use of the following differ- 
ent metals, all of which are required in a greater 
or less degree to suit the variety of operations where 
brass is indispensable: namely, copper, tin, lead, 
zinc, antimony, and, in some cases, nickel. 

The first four of these metals are those in the 
greatest request for engineering purposes. The 
leading metal of this series, copper, was known to 
the ancients previous to the discovery of malleabU 
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iron, and was applied to all the purposes for which 
the latter metal alone is now used^ 

Although we find brass frequently spoken of in 
the Scriptures, as well as in many portions of pro- 
fane history, yet it is a well ascertained fact that 
:his refers to copper ; the brass of the present day 
being a discovery of much later date. 



OOPPBR. 

The word copper is derived from the Island of 
Cyprus, where it was first wrought by the Greeks. 
The best method of obtaining it pure, where extreme 
purity is an object of importance, is to dissolve it 
in nitric acid : the solution is then diluted, and a 
piece of iron introduced, upon which the pure metal 
is precipitated, any adherent particles of iron being 
readily removed by washing with dilute sulphuric 
acid. Another method has lately been discovered 
of purifying copper, namely, by melting 100 parts 
of it, with 10 parts of copper scales (black oxide), 
alon^ with 10 parts of ground bottle-glass, or other 
flux. Mr. Lewis Thompson, who received a gold 
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medal from the Society of Arts, for this intention, 
says that, after the copper has been kept in fusion 
for half an hour, it m\\ be found at the bottom of 
the crucible, perfectly pure, while the iron, lead, 
arsenic, &c., &c., with which this metal is usually 
contaminated, will be oxidized by the scales, and 
will dissolve in the flux, or be volatilized. Thus he 
has obtained perfectly pure copper from brass, bell- 
metal, gun-metal, and several other alloys, contain- 
mg from 4 up to 50 per cent, of iron, lead, bismuth, 
antimony, arsenic, &c. The scales of copper an» 
cheap, being the product of every large manufao 
tory. Copper melts at a white heat, and by slow 
cooling may be crystallized. Its specific gravity ip 
9, nearly. It melts at a temperature of 1996* 
Fahr. 



On the Redriction of Copper. 

The reduction of copper ore is made by severa) 
consecutive processes. The fir^t is by calcining it, 
and, when the ore is sufiSciently " roasted" to oxi- 
date the iron which it contains^ it is melted. The 
melted metal is, after a time, suffered to flow into a 
pit filled with water, by which it becomes granu- 
lated. 
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It then tmdergoes fiirther heating, and what is 

called technically its slag (or scoria) is taken off, and 
it is allowed again to run off into water. 

After these processes it is cast in sand, when it 
becomes solid, and in this state is called *^ blistered 
copper." 

It is now fit for what is called the refinery, and 
undergoes an operation called refining^ or toughetir 
ing. This is considered to be an operation of deli- 
cacy, and requires great skill and care in the work- 
men. It is conducted in a furnace similar to the 
melting furnace, and the object is to thoroughljr 
purify the metal from any portions of oxygen, which 
is performed by adding charcoal to the copper, while 
It is in Aision, and stirring it occasionally, till it if 
judged to be pure. 



TIN, OR BBDIL IK THB HBBRBW. 

TfiB next metal on omr list has also been known 
from the remotest ages. It is mentioned by EleaKai 
the priest in the book of Numbers, chapter SIst 
Terse 22d. All the other metals supposed to havt 
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been then known are enumerated in the same pas- 
sage. Thus, lexicographers form bedily "to sepa- 
rate," tin being a separating metal. This carries 
the knowledge and use of tin back 1500 years 
antecedent to the commencement of our era. The 
Phoenicians used tin, of course, m the erection and 
decoration of the Temple of Solomon. Their brass 
T^as bronze ; zinc had not then been discovered. 
We read of tin, also, having been got by the Cartha- 
ginian navigator, Himiles, from the Scilly Islands ; 
they certainly present appearances of ancient excf 
vations- Tin occurs, native, in two forms — as per 
oxide, and as sulphuret of tin and copper. The last 
is rare ; the former constitutes the great source of 
tin, and, in its native mixed state with arsenic, cop- 
per, zinc, and tungsten, is called " tin-stone ;*' but, 
when occurring in rounded masses, grains, or sand 
in alluvial soil, is called stream tin. The metal 
reduced from the tin-stone forms block tin — that 
from the stream tin forms grain tin. 

The greater part of the East Indian tin comes 
from Siam, Malacca, and Banca. The last place is 
an island near the south-east coast of Sumatra. 
The mines were discovered in 1711 ; in 1776 there 
were ten pits which were worked by the Chinese on 
aooount of the King of Palimbang. One hundred 
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and twenty-five pounds cost him only five rix dol- 
lars. The greater part went to Alinia, or was used 
m India. 



On the Reduction of Tin^ Grainy and Block Tin. 

The best ore of tin is found in Cornwall ; it is 
commonly blasted by gunpowder, and is procured 
in pieces of considerable size, which are stamped, 
by beams shod with iron, to powder. It is then 
well washed, till the earthy particles are carried 
off, and the tin is fit for the smelting-house. 

After being roasted in a reverberatory furnace, 
and again washed, it is a second time subjected to 
the furnace, being now mixed with small coal and, 
in some cases, with a small quantity of limo. The 
i&elted tin thus produced is at last placed in a small 
furnace, and exposed to a very gentle heat, when 
the purest portion melts first, and is drawn off. This 
w called " common grain tin." And the inferior, 
which still contains a small proportion of copper 
and arsenic, is then cast into pigs, called *' block 
tin." 

The purest tin is procured from the stream works 
of Cornwall, and affords from 65 to 75 per cent, of 
the best grain tin ; its specific gravity is about 7.6 . 
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it melts at a temperature of 442^. Like eop( er, U 
is the nucleus of an immense number of subsicBary 
motals, which it is our intention shortly to entor 
upon. 



ZINO. 

ZiKO is a metal whose extensiye range of appli- 
cation is only now beginning to be understood. It 
is found in the state of oxide and sulphuret; its 
specific grarity is about 7.7; its fusing point is 
778^, but at a temperature of 800^, it bteomoB 
extremely malleable, and may be rolled into tliin 
leaves, or drawn into fine wire. One of its taem 
valuable modem applicataons, is as a proteotm 
covering for iron, being the best known substance 
for this purpose. The purifying of rine may be 
effected by melting the impure metal with h^d^ in 
equal parts, in a deep iron pot, stilting them well 
together, skimming off the impurities as they rise, 
covering the surface with charcoal to prevent oxi- 
dation, and keeping them in a fused state for three 
hours. The lead descends to the bottom by its 
greater density, and leaves the zinc above, to be 
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drawn off by a pipe in the side of the melting-pot. 
This contrivance is the subject of a patent, granted 
to Mr. WiUiam Godfrey Kneller« in 1844. 



LBAD. 

Lead was also known to the ancients. Its specific 
gravity is 11.4; melts at a temperature of (512^. 
This metal is highly poisonous, and the greatest 
amount of caution ought to be observed in its appli- 
cation to domestic purposes, as, when in contact 
with water in open vessels, it quickly tarnishes, and 
small crystalline scales of oxide of lead are formed, 
a portion of which dissolves in the water, and is 
again precipitated in the form of a carbonate. If, 
however, the water contains a very slight amount 
of sulphuric acid, or a soluble sulphate, the corro- 
sion ?8 prerented. 
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ANTIMONT. 

Antimony was discovered by Basil Valentine (a 
monk), in the fifteenth century. It is of a grayish- 
white, having a slight bluish shade, and very bril- 
liant. Its texture is lamellated, and exhibits plates 
crossing each other in every direction. Its surface 
is covered with herbarizations and foliage. Its spe 
cific gravity is 6.702. It is suflSciently hard to 
scratch all the soft metals ; it is very brittle, easily 
broken, and pulverizable. It fuses at 810^ Fahr. ; 
it can be volatilized, and burns by a strong heat 
When perfectly fused and suffered to cool gradually, 
it crystallizes in octahedra. It unites with sulphur 
and phosphorus. It decomposes water strongly. It 
is soluble in alkaline sulphates; sulphuric acid 
boiled upon antimony, is feebly decomposed. Nitric 
acid dissolves it in the cold ; muriatic acid scarcely 
acts upon it. The oxygenated muriatic gas inflames 
it, and the liquid acid dissolves it with facility. 
Arsenic acid dissolves it by heat with difficulty. It 
unites by fusion with gold, and renders it pale and 
brittle. Platina, silver, lead, bismuth, nickel, cop- 
per, arsenic, iron, cobalt, tin, and zinc unite with 
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antimony by fusion, and form with it compounds 
more or less brittle. Mercury does not alloy with 
it easily. We are little acquainted with the action 
of alkalies upon it. Nitrate of potash is decomposed 
by it. It fulminates by percussion with oxygenated 
muriate of potash. 



The order and facility of working these metals 
^»ry considerably with the purpose to which they 
we applied. Thus, regarding their wire-drawing 
ductibility, gold is the most ductile metal, being 1. 
The four first metals are as follows : copper 5, zinc 
6> tin 7, lead 8. Their relative values as laminable 
substances are considerably different : thus, under 
tbe same circumstances, copper is 3, tin 4, lead 6, 
sine 7. 

The following tabulated statements exhibit the 
most approved properties of the most useful class 
of alloys, as laid down by the best authorities, to- 
gether with the specific purposes to which they are 
adapted. The first we shall treat upon are the 
alloys of copper and tin. In this table the quantity 
of tin is that which is added to one pound of copper. 



a 
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CM)PPBR AND TIN. 



1 ounce, Soft gun metal. 



IJ " A slightly harder alloy, fit for mn- 

thematical instruments. 


H ' 


* Still harder, fit for wheels. 


li to 2 
2 to2J * 
8 ' 


^ Brass guns. 

' Hard bearings for machinery. 

* Musical bells. 


4 ' 


* Chinese gongs, cymbals, &c. 

* Small house bells for domestic pur- 


4J ' 
5 

7 to 8 * 


poses. 
' Large do. 

* Largest bells, for churches, &c. 
' Speculum metal for the reflectors 




of telescopes, light-houses, &c. 



Temper, is a mixture of 2 pounds of tin to 1 pound 
of copper, and is used for adding to tin in the 
manufacture of pewter ; the object being to intro- 
duce an extremely small quantity of copper. 
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BRONZE FOR CANNON, STATUES, ETC. 

Bronze is an alloy of copper, with from 8 to 10 
per cent, of tin, together with small quantities of 
other metals, which are not essential to the com- 
pound. Cannons are cast with an alloy of a similar 
kind, and the ancient bronze statues were of the 
same composition. 



ON BELL METAL. 

Bell metal is a compound of 80 parts copper to 
20 parts tin. The Indian gong, so much celebrated 
for the richness of its tones, contains copper and tin, 
in the above proportions. The proportion of tin in 
bell metal varies, however, from one-third to one- 
fifth of the weight of copper, according to the sound 
required, the size of the bell, and the impulse to be 
given. M. d'Arcet has discovered that bell metal 
formed in the proportion of 78 parts copper, united 
with 22 of tin, is indeed nearly as brittle as glass, 
when cast in a thin plate or gong. Yet if it be 
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heated to a cherry-red, and plunged into cold water, 
being held between two plates of iron, that the plate 
may not bend, it becomes malleable. Thus he 
manufactures gongs, cymbals, and tantums out of 
this compound. 



ON COPPER AND TIN MIXTURES. 

The above are the best proportions in use at the 
present day; for some other peculiar objects a 
slightly different mixture is adopted, as a small 
amount of zinc or silver, and even arsenic. The 
best mode of mixing the component metals of this 
alloy, appears to be to melt each separately, and 
then to add the tin to the copper at the lowest stir- 
ring temperature. To complete the combination 
the alloy is again melted very gradually by placing 
the metal in the crucible almost as soon as the fire 
is lighted. The hardness of this alloy, compared 
with the extreme softness of the metals, gives us an 
example of the chemical changes effected by their 
combination. Thus, the speculum metal, as used 
by Lord Rosse, is totally devoid of malleability, and 
from its hardness cannot be acted on by the file. 
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His specnlum consisted of four atoms of chemical 
combining proportions of copper to one of tin : or, 
by weight, 126.4 copper to 58.9 tin. This alloy, 
which is a true chemical compound, is of a brilliant 
white lustre; its specific gravity 8.811; nearly as 
hard as steel, and almost as brittle as sealing-wax. 
The speculum is six feet in diameter, five and a half 
inches thick. It was cast open, ground with emery, 
placed on a table in a cistern filled with water at a 
temperature of 55° Fahr., polished with red oxide 
of iron, procured by precipitation from green vitriol, 
or sulphate of iron, by water of ammonia. 



ALLOYS OF COPPER AND ZINC. 

Wb now come to the consideration of another 
branch of the copper alloy family of great value in 
the arts. This is copper and zinc. 

The following table contains the best proportions 
of the principal mixtures. In this table the quan- 
tity of zinc is that which is added to one pound of 
copper. 
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ito J 


ounce. 


. This addition is used principally 
for the purpose of produdni; 
sound copper castings. 


1 toli 


a 


Gilding metal for jewellers. 


2 


u 


Tombac, or red brass. 


3 to 4 


u 


Red sheet brass, pinchbeck, and 
bath metal. 


5 


a 


Purbeck metal. 


6 


u 


Bristol brass. This and the five 
preceding mixtures solder well. 


7 to7j 


a 


Good dipping metal. 


8 


it 


The general proportion for «11 or- 
dinary brass articles. 


m 


a 


Muntz's metal, for ships' fasten- 
ings, sheathing, &c. 


14 


a 


Strong brazing solder, for heavy 
copper work, &c. 


16 


it 


Soft spelter solder. 



From the volatile nature of zinc the above pro- 
portions can seldom be strictly adhered to ; but a 
slight variation does not much affect the filing and 
working of the metal. 

An alloy of copper and lead is often used in place 
of gun metal for inferior work, on account of its 
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cheapness and facility of manipulation. It is /erj 
brittle, particularly where much lead is used. 

The whole of the different metala just discussed, 
when mixed together, constitute gun metal, or brasa, 
jiar excellence. This alloy is applied to a very 
great variety of purposes, and Is the one most in 
demand for engineering works. The principal ones 
are compounded as below. 



ALLOYS OF OOFPEE, ZINC, TIN, AND LBAD. 

IJ ounces tin, \ ounce zmc, and 16 ounces copper, 
Obnstitute an extremely tenacious metal, used where 
peat strength ia required. 

IJ ounces tin, 2 ounces brass, 16 ounces copper, 
lor wheels, &c. 

2qiidccs tin, \\ ounces briLss, 16 ounces copper, 
foe jrticles requiring turning. 

t{ ounces tin, IJ ounces brasa, 16 ounces copper, 
for bearinga, cuts, ic, 

IJ ounces tin, 1| ounces zinc, 16 ounces copper 
» composition for general purposes, used by an emi 
lent engineer. 
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Having discussed the rationale of the mixture 
and proportion of the metals used in alloys of cop- 
per, the matter leads us to the further consideration 
of casting them. Brass moulding is carried on by 
means of earthen, or sand moulds. The formation 
of sand moulds is by no means so simple an affair 
as it would at first sight appear to be, as it requires 
long practical experience to overcome the disadvan- 
tages attendant upon the material used. The moulds 
must be sufficiently strong to withstand the action 
of the fluid metal perfectly, and, at the same time, 
must be so far pervious to the air as to permit oi 
the egress of the gases formed by the action of the 
metal on the sand. If the material were perfectly 
air-tight, then damage would ensue from the pres 
sure arising from the rapidity of the generation of 
the gases, which would spoil the effect of the casting, 
and probably do serious injury to the operator. 

If the gases are locked up within the mould, the 
general result is what moulders term a blown cast- 
ing ; that is, its surface becomes filled with bubbles 
of air, rendering its texture porous and weak, besides 
injuring its appearance. 

Plaster of Paris is often used for a number of the 
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mori* fusible metals. This material, however, will 
DOt answer for the more refractory ones, as the 
heat causes it to crumble away and lose its shape. 

Sand, mixed with clay or loam, possesses advan- 
tages not to be found in gypsum, and is consequently 
used in place of it, for brass and other alloys. In 
the formation of brass moulds, old damp sand ia 
principally used in preference to the fresh material, 
being much less adhesive, and allowing the patterns 
to leave the moulds easier and cleaner. 

Meal dust or flour is used for facing the moulds 
of Bmall articles ; but for larger works, powdered 
chalk, wood-ashes, &c., ar« uaed, as being more eco 
Domical. 

If particularly line work is required, a facing of 
aharcoal or rottenslone is applied. Another plan 
for giving a fine surface is to dry the moulds ovei 
B Slow fire of cork shavings, or other carbonaceous 
substance, which deposits a fine thin coating of car- 
bon, This, when good fine facing-sand is not to be 
'ibiained. 



Aa regards the proportions of sand and loam used 
in the formation of the moulds, it is to bt remarked, 
that the greater the quantity of the former material, 
lliemore easily will the gases escape, and the Icm 
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likelihood is there of a failure of the casting; on 
the other hand, if the latter substance predominates, 
the impression of the pattern will be better, but a 
far greater liability of injury to the casting will be 
incurred from the impermeable nature of th% mould- 
ing material. This however may be got over with- 
out ' the slightest risk, by well drying the mould 
prior to casting, as you would have to do were the 
mould entirely of loam. 

For some works, where easily fusible metal is 
used, metallip moulds are adopted. Thus, where 
great quantities of one particular species of casting 
is required, the metallic mould is cheaper, easier of 
management, and possesses the advantage of pro- 
ducing any number of exactly similar copies. The 
simplest example which we can adduce is the cast- 
ing of bullets. These are cast in moulds constructed 
like scissors, or pliers, the jaws or nipping portions 
being each hollowed out hemispherically, so that 
when closed a complete hollow sphere is formed, 
having a small aperture leading into the centre of 
the division line, by which the molten lead is poured 
in. 

Pewter pots, inkstands, printing types, and va- 
rious other articles, composed of the easily fusible 
motals, or their compounds, are moulded on the 
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same principle. The pewterer generally uses brass 
moulds : they are heated previous to pouring in the 
metal. In order to cause the casting to leave the 
mould easier, as well as to give a finer face to the 
articlCj the mould is brushed thinly over with red 
3chre and white of an egg; in some cases, a thin 
film of oil is used instead. 

Many of the moulds for this purpose are extremely 
complex, and, being made in several pieces, they 
require great care in fitting. 

With these peculiar cases we have, at present, 
tittle to do, and shall coDclode with a few observa- 
tidns on ' the method of filling the moulds. The 
experienced find that the proper time for pouring 
ihe metal is indicated by the wasting of the zinc, 
which gives off a lambent flame from the surface of 
the melted metal. The moment this is observed, 
the crucible is to be removed from the fire, in order 
to ayoid incurring a great waste of this volatile sub' 
stance. The metal is then to be immediately pourod. 
'f llB best temperature for pouring, is that at which 
" nil! take the sharpest impression and yet cool 
quickly. If the metal is very hot, and remains long 
11 contact with the mould, what is called sand-burji- 
'^3 takes place, and the face of the casting is ia- 
jired. 
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The founder, then, most rely on his own juigmen^ 
as to what is the lowest heat at which good, sharp 
impressions will be produced. As a rule, the smallest 
and thinnest eastings moist be cast the first ia a 
pouring, as the metal cook quickest in such oaaea^ 
while the reverse holds good with r^ard to larger 
ones. 

Complex objects, when inflammable, are oeeaaion- 
ally moulded in brass, and some other of the fiisibl^ 
metals, by an extremely ingenious process ; render- 
ing what otherwise would be a difficult problem a 
comparatiyely easy matter. 

The mould, which it must be understood ia to b«- 
composed of some inflammable matei^ial, is to be 
placed in the sa^d^flask, and the moulding saad^ 
filled in gradually until the box is filled up. Whe» 
dry, the whole is place<l in an oven sufficiently hoi 
to reduce the mould to ashes, which are easily p» 
moved from their hollow, when the metal may be- 
poured in. In this way (as will be afterwards shown) 
small animals, birds, or vegetables may be cast with 
the greatest facility. 

The animal is to be placed in the empty moul<£ng* 
box, being held in the exact position required, by 
suitable wires or strings, which may be burnt or 
removed, previous to pouring in the metal. 
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Another mode which appears to be fouoded on 
the same principle, answers perfectly well when the 
original model is moulded in wax. The model is 
placed in the moulding-box in the manner detailed 
ID the last process, having an additional piece of 
wax to represent the runner for the metal. The 
cumposition here used for naoulding is similar to 
that employed by statue founders in forming the 
cores for ttatueg, busts, &c., namely, two parts 
brick-dast to one of plaster of Paria. This is mixed 
frith water and poured in bo as to surround the 
model well. The whole is then slowly dried, and 
frhen the mould is sufficiently- hardened to withstand 
the effects of the molten wax, it is warmed, in order 
to liquify and pour it out. When clear of the wax, 
the mould is dried and buried in sand, in order to 
BDStain it against the action of the fluid metal. 

If oar limits permitted, we might mention the dc- 
twls of numerous other works in the founding of 
brass. We must for the present content ourselves 
with a brief examination of one or two cases which 
oome more or less within the province of the engi- 
Qser. One of these is the founding of bells, a sub- 
ject of considerable interest, as works of this kind 
are often of very considerable magnitude, and de- 
Di'uid the skilful attention of the engineer. Large 
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bells are usually cast in loam moulds, being swep\ 
up, according to the founder's phraseology, bj 
means of wooden or metal patterns, whose contou] 
is an exact representation of the inner and outei 
surfaces of the intended bell. Sometimes, indeed, 
the whole exterior of the bell is moulded in wax, 
which serves as a model to form the impression ir 
the sand, the wax being melted out previous tc 
pouring in the metal. This plan is rarely pursued, 
and is only feasible when the casting is small. ' 
The inscriptions, ornaments, scrolls, &c., usually 
found on bells, are put on the clay mould separately 
being moulded in wax or clay, and stuck on wiiil< 
soft. The same plan is pursued with regard to tht 
^ars, or supporting lugs, by which the bell is hung. 



BRASS GUNS 



Are another important branch of this manufac- 
ture. They are moulded in a mariner quite distimel 
from any other work of this nature. The exterioi 
surface of the gun is produced by wrapping gaskiE 
or soft rope round a tapered rod, of a length slightly 
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greater than that of the gun. Upon this foundation 
^f rope the moulding loam is then applied; the 
surface being turned to the exact shape and propor- 
tions of the gun. 

A long fire is used by the founder in this process, 
in order to dry the mould as he proceeds in its 
manufacture. When perfectly dry, the surface of 
the mould is black- washed over, and again covered 
with loam to a depth of two or three inches. This 
exterior coat of loam is secured and strengthened 
by a number of iron bands, and the whole is well 
dried. The primary mould is now completely with- 
drawn from the outer shell, the formation of which 
renders it an easy matter, as the timber rod leaves 
the rope with great facility, when the latter may 
be withdrawn, and the clay covering picked out 
afterwards. 

The trunnions of the gun are formed separately, 
aTid attached to the shell in the ordinary way. 
When finished, the moulds are sunk perpendicu- 
^*riy in a sand pit, near a reverberatory furnace, a 
vertical runner being made, leading to each mould, 
which it enters near the bottom. A suitable chan- 
nel communicates with the furnace containing the 
WM8 intended for the guns. The metal being in- 
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trbdncvd at the bottom of the mould, no air oau 
possibly be detained by its entrance, as each mould 
is full open to the atmosphere at the top. 



FIGURE CASTING 

Is another branch of our subject, and one which, 
from its general complexity, ranks as the greatest 
effort of the founder. As an example of this pro- 
cess we shall take the moulding of thin ornamenta 
in relief. 

The ornament, whatever it may be, a monumental 
bas-relief for instance, is first modelled in relief, in 
clay or wax, upon a flat surface. A sand flask is 
then placed upon the board, over the model, and 
well rammed with sand, which thus takes the im- 
press of the model on its lower surface. A second 
flask is now laid on the sunken impression, and also 
filled with sand, in order to take the relief impres- 
sion from it. This is generally termed the eope^ or 
hack mould. The thickness of the intended cast is 
then determined by placing an edging of clay round 
the lower flask, upon which edging the upper one 
riiSts, thus keeping the two surfaces at the preciM 
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distance from each other, that it is intended the 
thickness of the casting shall be. 

In this process, the metal is economised to the 
greatest possible extent, as the interior surface, or 
back of the casting, is an exact representation of 
the relief of the subject; and the whole is thus made 
as thin in every part as the strength of the metal 
permits. 

Several modifications of the process just described 
Are also made use of, to suit the particular circum- 
stances of the case. What we have said, however, 
is a detail of the principle pursued in all matters of 
a similar nature. In conclusion we will give a com- 
position for cores that may be required for difficult 
jobs, where it would be extremely expensive to make 
a core-box for the same : — 

Make a pattern (of any material that will stand 
moulding from) like unto the core required. Take 
a mould from the same in the sand, in the ordinary 
Way ; place strengthening wires from point to point, 
centrally ; gate and close your flask. Then make a 
composition of two parts brick-dust and one part 
plaster of Paris ; mix with water and cast. Take it 
ctit when set, dry it, and place it in your mould 
^Mm^ so that there may be no cold air in it. 
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MALLEABLB IRON CASTINGS. 

The term malleable iron castings means an iron 
that has been cast into any desired shape, and then 
rendered malleable by removing the carbon by a 
process of annealing, which consists in burning off 
the whole or a part of the carbon combined with the 
iron from which the castings were made. In the 
manufacture of malleable iron castings, the first ob- 
ject is to get the proper kind of pig-iron, for all iron 
is not suitable for making malleable iron by the pra 
cess of aanealing. From the states in .which carbon 
exists in cast-iron, the latter has been classified into 
three principal subdivisions. The first is "grey 
metal," or " No. 1 foundry pig/* in which the car- 
bon is not combined with the iron, but is in the 
graphitic state, and may be seen in large flakes 
when ttie iron is broken. These flakes are some- 
times called "tissue" and "black-lead." The sec- 
ond division is "mottled" cast-iron. In this the 
carbon is partly combined with the iron and partly in 
the graphitic state, which gives the iron a spotted or 
mottled appearance. The third division is " white " 
cast-iron. In this the carbon is combined with the 
iron, and is unseen. 
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Gray or No. 1 foundry iron is best for ordiuary 
;&3fdDg8, because it contains the most carbon, and is 
softer and will remain fluid longer than eitber the 
mottled or white iron, yet it ia not best for malle- 
able castings, for the carbon in it ia not combined 
with the iron, and in converting the castings into 
malleable iron the carbon is extracted from the iron 
without melting the castings. If this class of iron is 
med the castings will be full of small holes after they 
bave been rendered malleable, and will not have the 
reiiuired strength, 

Whitti cast-iron will make the best malleable cast- 
ings, because in this the carbon is completely com- 
bined with the iron, and when it is abstracted from 
it by the annealing process, it leaves a perfectly 
toand and smooth casting. But in using this iron 
for malleable castings another trouble arises. The 
iron coDtfuns so little carbon that it will not ret^n its 
floidily long enough to he run into light castings — 
*''d Blmost all malleable castings are very light — so 
tlist this class of iron cannot be used. 

As the gray or No. 1 foundry iron contains too 
much earbou and the white iron too little carbon, the 
™t iron for malleable caatiuga must be the mottled 
ifon, which is between the two extremes. This iron 
mlwaya used for malleable iron castings, and none 
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but the very best brands of cold-blast charcoal 
mottled iron will produce a good malleable casting. 

Iron for malleable castings may be melted in a 
cupola or in a reverberatory furnace. However, the 
iron melted in the latter always produces by far the 
best castings ; for the iron is not melted in contact 
with the fuel, as in the cupola, and is not deterio- 
rated by the impurities contained in the fuel. There 
is also the advantage that, should the iron contain 
too much carbon, part of it may be removed by the 
oxidizing action of the flame. 

As most malleable castings are very small, they 
are generally moulded in snap-flasks, with green sand, 
from metallic patterns or match plates. The cast- 
ings, before they are annealed, are as hard and 
brittle as glass, and must be handled with care to 
prevent breaking. These castings are put into a 
tumbler or rattle-barrel, where they are cleansed 
from all adhering sand, and become polished by 
mutual friction. To anneal them properly, it is very 
essential that they should be thoroughly cleansed. 
The cleansed castings intended for conversion into 
malleable iron are next packed into iron boxes, with 
alternate layers of fine iron scales from rolling-mills. 
The boxes are then closed at the top by a mixture 
of sand and clay, and all the cracks are carefully 
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luted, to prevent tbe adraisBion of tur. The boxea 
&re next put into the ainnealing oven, where they are 
subjected to a white heat, not sufficiently hot, how- 
ever, to melt the boxes. Th-iy are kept at this heat 
tor a week or more, and then allowed to cool off 
gradnaHy, After the castings have been properly 
mnealed, they are covered with a film of oxide of 
different colors, and resemble in appearance that kind 
of iron ore called peacock ore. These various colors 
are a sign of good malleables. This adherent oxide 
is removed from the castings by another passage 
through the rattle-barrel, and the proceaa of malleable 
iron making is finished. 

Powdered iron ore is sometimes used in place of 
iron scales, but it is not so good, for it contains more 
or leas silica and earth, which, at the temperature of 
lie anoealing oven, will fuse and form a slag or cin- 
der, and prevent the oxidizing action on the castings, 
for this reason, scales are to he preferred, and care 
sbould ftlwaya be taken to keep them as free from 
'*rtliy matter as possible. In every "heat" or an- 
nuling operation, tho scales part with some of their 
oridiring properties, and before they are again used 
"ifly must be pickled and reoxidized, Thia is done 
fij wetting them with a solution of sal ammoniac and 
Viter, and mixing and drying them until they &rft 
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thoroughly rusted, when they are again ready for use. 
The annealing boxes were formerly made .of soft 
iron, but at present they are mostly made of hard 
iron — the same as the castings are made of. The 
hard iron boxes become annealed the same as the 
castings, and will last longer than the soft iron boxes. 
These boxes are generally made about 20 inches 
long by 14 inches wide and 14 inches deep. They 
are set one on top of another in the annealing oven, 
but never more than two high. The lower one has 
a bottom cast in it, but the top one has no bottom, 
and is merely a frame set on the lower box. These 
boxes only last a few heats, and the smaller boxes 
are said to last longer than the larger ones. 

There are several different kinds of annealing ovens 
in use, and some very important improvement have 
been made in their construction in the last few years. 
The best in use at the present time is one with a fire 
on each side of it, and so arranged that the flame 
from the fuel does not enter the oven or strike the 
boxes. This oven is not allowed to cool off, but is 
kept hot all the time. At one end there is a door 
through which the annealing boxes are reiioved 
while at a white heat, and are replaced by cold ones. 
The door is then closed, and the boxes heated to the 
required degree. This kind of oven is most eoono- 
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mieal in use, for it roquirea leas fuel thaa any other, 
uid IB not injured by expansion and contraction in 
cooling and reheating, as the other ovens are. When 
annealing the castings in the oven, care should be 
taken not to have the temperature of the oven too 
high, nor the heat too prolonged, or the castings may 
be burned and hardened after they have been soft- 
ened. After the caatinga have been thoroughly de- 
carbonized by annealing in the oven, they are virtu- 
ally a commercially pure iron, and are the same as 
wronght-iron without fibre, and fibre may be im- 
parted to them by rolhng or hammering. Yet these 
castings without fibre are sometimes equal to the 
best wrought iron for strength, and may he bent 
double when cold without breaking them. 

The process is conveniently applicable only to 
Bttiall castings, although pieces of considerable size 
ue Hometimes thus treated. Handles, latches, and 
Otliei similar articles, cheap harness-mountings, 
plwghaharea, iron handles for tools, wheels, and pin- 
'OM, and many small parts of machinery, are made 
of malleable cast-iron. For auch pieces charcoal 
«8t-iron of the best quality should be selected, in 
oriUr to ensure the greatest possible parity in the 
Biitleahle product. The castings are made in the 
"•ual way, and are then imbedded in oxide of iron— 
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in the form, usually, of hematite ore — or in peroxide 
of manganese, and exposed to the temperature of a 
full red heat for a sufficient length of time to ensure 
the nearly complete removal of the carbon. The 
process with large pieces requires many days. If 
the iron is carefully selected, and the decarboniza- 
tion is thoroughly performed, the castings are nearly 
as strong, and sometimes hardly less malleable, than 
fairly good wrought-iron, and they can be worked 
like that metal. They will not weld, however. The 
pig-iron should be very free from sulphur and phos 
phorus. The best makers have usually melted the 
metals in crucibles having a capacity of 50 to 75 
lbs., keeping it carefully covered to exclude cinder 
and other foreign matter. The furnace is similar to 
that of the brass foundry, 2 to 2J feet square, and 
the fire is kept up by natural draught. The temper- 
ature is determined with sufficient accuracy for the 
practical purposes of the iron-founder by withdraw- 
ing a portion on an iron bar. If hot enough, the 
drop bums on exposure to the air. If right, the 
metal is poured quickly. The "cementation" or 
decarbonization is conducted in cast-iron boxes, in 
which the articles, if small, are packed in alternate 
layers of the decarbonizing material. As a maxi- 
mum about 800 to 1000 lbs. of castings are treated 
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at once. The largest pieces require the longest 
time. The fire is quickly raised to the maximum 
temperature, but at the close of the process the fur- 
nace is cooled very slowly. The operation requires 
3 to 5 days with ordinary small castings, and may 
take two weeks for large pieces. Decarbonization is 
often performed, in the production of steel castings, by 
a process of dilution, accompanied with possibly some 
"dissociation." By the preceding method the car- 
bon takes oxygen from the surrounding oxides, and 
passes off as carbon monoxide (carbonic oxide). In 
the process now referred to the carbon of the cast 
iron is shared between the latter and the wrought 
iron mixed n^ith it in the melting pot, and a small 
portion may possibly pass off oxidized. The lattei 
method has been practiced to some extent for a cen- 
tury. Selected cast-iron and good wrought-iron are 
melted down together in a crucible, and cast in 
moulds like cast-iron. The metal thus produced 
contains a percentage of carbon, which is determined 
by the proportions of cast and wrought-iron in the 
nuxture. The amount is frequently so small that 
the castings can be forged like wrought-iron. 
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WROUGHT-IRON (OR MITIS) CASTINGS. 

When wrought-iron is heated to a high tempera- 
ture it does not pass quickly into the fluid state, but 
for a large increase of temperature above the point 
at which it first softens it will remain thick or mushy. 
At a very high temperature it can be made suffi- 
ciently fluid to pour into moulds, but the castings 
then made are notably unsound and weak. It was 
discovered by Mr. Wittenstroem, of Stockholm, 
working with the co-operation of Mr. L. Nobel, of 
St. Petersburg, that if a small amount of aluminium 
is added to a charge of wrought-iron which has been 
heated until pasty, the iron immediately liquefies and 
can be poured into castings having all the properties 
of wrought-iron except fibre, and as sound as if of 
cast-iron. These castings were called ''Mitis" cast- 
ings, because of their softness in contrast with iron 
castings. 

The advantages of an addition of aluminium to 
fluid iron are important. With moderate care abso- 
lutely pure and solid castings can be obtained, capa- 
ble of receiving a high polish. An addition of alumi- 
nium is especially to be recommended for the manu- 
facture of steam cylinders, engine castings, press 
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cylinders, and generally for castinga which are to be 
aiibjeeted to a high pressure. A few hints will serve 
to show how aluminium is b«st alloyed with iron. 
As aluminium only lends itself with difficulty to 
combination with iron, it is not immediately to be 
introducsd in the ladle which is to be poured into 
the mould ; a smaller ladle is selected, in which is 
placed the heated aluminium. Somewhat fluid iron 
is then brought from the furnace, poured in the ladle, 
and Btirred until the aluminium compound begins to 
stiffen. The iron intended to be cast is now let out 
of the furnace into the ladle intended for it, the 
aluminium -mixture is poured in, and the whole inti- 
mately mixed. The melted metal should not be 
poured into the mould too c^uickly, as it does not 
solidify as rapidly as ordinary iron. Aluminium- 
iron in the fluid condition is very active; small 
globules are formed, which gradually extend to the 
edge of the ladle, where they disappear. At 6rst 
the iron is of a milk-white color ; then it becomes 
orange-yellow, and forms a thin film on the top. 
When this moment has arrived, the film is removed, 
and casting is proceeded with^ care being taken that 
tJie mould is always kept full. For 100 lbs. the 
proportion of aluminium recommended is about 3J 
Oiffices. Cost can be no drawback in view of the pres- 
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ent comparative cheapness of aluminium, particularly 
when it is considered with how much greater cer- 
i;ainty clean castings can be obtained. Aluminium 
improves cast-iron as phosphorus improves tombac 
and brass, the fluidity being increased and the oxide 
separated. 

The details of the production of Mitis castings are 
as follows: As the raw material to operate on, 
wrought iron, scrap or mild steel are equally suit- 
able. It was found that some of the best results are 
to be obtained by using Swedish scrap or English 
hematite iron, that is, materials containing less than 
0.1 per cent, of phosphorus, which is a very injuri. 
ous ingredient if present in much larger quantity. 
Using a mixture with poorer quality of iron, with 
phosphorus running up to 0.15 per cent., good re- 
sults may -still be obtained — that is, the castings will 
compare favorably with ordinary malleable castings. 
In using scrap-steel, which is necessarily low in 
phosphorus, it was found that manganese interfered 
with the production of good castings, a result rathei 
unexpected. Since almost every melter devises 
various mixtures of his own, as circumstances permit, 
it is but natural that the best features of the Mitis 
process are found united with some other old estab 
lished practices. Thus, in one Mitis plant in the 
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United States the mixture for melting was composed 
of: Mitis scrap 35 per cent., hematite muck bar, 35, 
wrought iron punchings, 12|, soft steel scrap (0.1 
per cent, carbon), 12f ; white pig iron, 3 ; ferro- 
silicon (10 per cent, silicon), 1 ; ferro-aluminium 
(6 per cent, aluminium), J. It seems that in this 
charge the melter used a little white iron as a flux, 
which would probably introduce 0.1 per cent, of car- 
bon ; then the virtues of ferro-silicon for making 
sounder castings are utilized by adding 0.1 per cent, 
of silicon to the charge ; lastly, 0.04 per cent, of 
aluminium was introduced. 

In general it may be said that if iron free from 
Impurities is used, very good castings are obtained ; 
if iron is used with a large percentage of phosphorus, 
proportionally brittle and unsatisfactory castings 
result. 

The ferro-aluminium should be, for similar reasons, 
free from any considerable amount of such impuri- 
ties as generally injure wrought iron. 

Since the castings are almost identical in com- 
position with the charge of iron melted, the following 
analyses of mitis metal, made by Mr. Edward Bilej, 
will show the range of material or mixture to which 
the process has been successfully applied : 
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Raw Material. 


Carbon. 


Silicon. 


Phos- 
phorus. 


Manga, 
nese. 


Hematite bar .... 
Swedish scrap. . . . 
Refined iron .... 
J Staffordshire iron > 
i Swedish scrap. j 
J Staffordshire iron ) 
J Hematite bar. j 
Staffordshire iron . . 


0.067 
0.053 
0.130 

0.130 

0.070 
0.106 


0.161 
0.044 
0.124 

0.035 

0.093 
0.080 


0.068 
0.077 
0.137 

0.150 

0.194 
0.250 


0.022 
0.027 
0.014 

0.026 

0.014 
0.014 



The above figures are percentages ; sulphur was 
present in all as a trace. The first in the table, 
those low in phosphorus, gave the best castings, the 
last the poorest ; with over J per cent, of phosphorus 
the castings were brittle. 

The charge of wrought iron is placed in covered 
crucibles and brought to a temperature of about 
2200° C, at which heat it just loses the solid and 
assumes the pasty condition. If it were desired to 
cast the iron without adding aluminium, it would be 
necessary to superheat it several hundred degrees 
above this point, not only to give it the desired 
fluidity, but also to permit it being carried about 
the casting shop. It is during this superheating 
that a large part of the gases contained in the 
melted iron are absorbed. If, therefore, the charge 
is treated with aluminium immediately on reaching 
the melting point, the effect is such that this 
superheating with its accompanying deteriora- 



WEOOOHT-IRON CASTINGS. 75 

tion of the iron is rendered unneceaaary. This 
13 passible for the reason that oa adding ferro- 
aluminium sufficient to introdueo 0.05 to 0.1 pet 
'cent, of aluminium, the charge immediately liquefies, 
and ia so far from its setting point that it can be re- 
moved from the furnace and poured into numerous 
moulds, retaining al! the time its exceptional fluidity. 
The metal acts just as if it had been super-heated 
several hundred degrees, but this has been accom- 
plished without leaving it in the furnace for half an 
hour or BO, thus attaining an economy of fuel, which 
a not to be ignored. When the crucible is taken 
from the furnace the charge ia perfectly dead melted, 
lies quiet in the crucible, evolves no gas, and teems 
like melted silver. It is cast in either sand or iron 
moulds, and on account of its Suidity does not re- 
quire large heads to bring the castings up sharp and 
show the finest impreaaions of the mould. The 
foaterial being primarily wrought-iron, the castings 
do not have to be annealed before uaing. The thin- 
nest and most complicated caatings, which it would be 
Inmost impossible to forge in wrought-iron, can be 
prodnoed, thus furnisliing difficultly forged pieces at 
"'^t much greater expense than ordinary castings. 
iutiB caaUngs are, in short, objects cast of melted 
•Wn, yet baring all the desirable properties of 
fronght-iron. 
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MANUFACTURE OF STEEL CASTINGS.* 

A LARGE number of so-called steel castings are. 
nothing more than malleable iron. The best of these 
castings are made from superior white pig, as low 
in silicon and phosphorus as possible. They are 
made in the same manner as ordinary iron castings, 
except that the metal having so little silicon chills 
much quicker than ordinary No. 1 foundry iron, and 
the liability to shrinkage-cracks renders it necessary 
to put large " rising-heads " on the castings. The 
castings after cooling are very hard, and almost as 
brittle as glass, and are, or should be preferably, 
perfectly white throughout. They are then an- 
nealed in ore or scale, to which a little sal ammoniac 
has been added. This latter operjition, which re- 
quires about two weeks, produces on the entire sur- 
face of the castino; a coatin"; of malleable iron about 
^ of an inch thick, and renders the inside sufficiently 
soft to be tooled without any difficulty. For small 
castings such a metal is admirably adapted, but cast- 
ings several inches thick made in this way are only 
slightly superior to good pig-iron in having, perhaps, 
Ik little greater tensile strength. 

♦ Abstracted from a paper by Mr. P. G. Salom, read betore 
the AmericaQ Institute of Mining Engineers, May, 1885. 
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Crucible steel castings are a failure and always 
will be. By this statement it is not meant to say that 
it is impossible to make such ca5%tings satisfactory. 
But with the single exception of a particular class of 
work where hardness and ultimate strength are alone 
desired (for which requirements they are well 
adapted), there are always a number of disturbing 
elements that will eventually result in the total dis- 
iwe of crucible castings. The value of small steel 
castings depends on the possession of qualities that 
render them equal or superior to forgings. When 
it is attempted to make a steel with the requisite 
qualities the troubles begin. First, in order to get 
Boeh a steel, muck-bar must be used almost exclu- 
sively. This, as every one knows, is very difficult to 
melt in a crucible furnace, and after melting it i^ 
almost impossible to pour it, as the metal chills be- 
fore the pots can be emptied. If, however, after 
lUiusual exertions, a successful cast be made, the 
castings are found to be full of blow-holes. There 
*re two means employed to remedy the latter defect: 
fiwt, by the use of ferro-silicon, and second, by mak- 
w^ » steel higher in carbon and therefore more 
lusible. When sufficient ferro-silicon is added to 
give from 0.5 to 1.0 of silicon in the steel, the metal 
^ not difficult to melt, but the resulting castings. 
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while soft and solid, have lost all their ductility, and 
are simply a superior form of pig-iron, with a tensile 
strength of about 50,000 lbs. If, on the other hand, 
the pots are charged with stock higher in carbon and 
only a small percentage of ferro-silicon is added, the 
castings are solid, but are brittle, and so hard as to 
be diflScult to tool. Their hardness is extremely ob- 
jectionable to machinists, but their brittleness is a 
still greater evil, and precludes the possibility of 
their replacing forgings. It has been attempted to 
overcome the latter difficulty by annealing, and by 
this means a really superior crucible casting can be 
made. But the additional cost of production is 
greater than consumers are willing to pay for the 
castings. 

* Bessemer steel castings. The Bessemer process 
in the manufacture of steel castings is as yet open 
to the objection of making a less homogeneous and a 
harder metal than the open hearth. Some time ago, 
a number of large Bessemer steel cranks, weighing 
from 7,000 to 8,000 lbs. each, broke in half when it 
was attempted to shrink them on the shafts for which 
they were intended. Notwithstanding these failures, 
it is believed that in the near future all steel castings 
will be made ^by the Bessemer or an equivalent 
pneumatic piocess. 
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Open-hearth steel castings. This method can be 
relied upon to make a very large class of important 
castings with entire success. According to Mr. 
Alexander L. Holley* the operation consists: 

'^ 1 In the formation of an initial bath of mangan- 
iferous pig to prevent oxidation during the process. 

" 2 In dissolving such softening or decarbonizing 
materials as wrought-iron in this bath. 

" 3 In the addition, at the end of the operation, of 
silicon and manganese in such order and proportion 
as to prevent the formation of blow-holes while 
casting, and at the same time to give to the steel 
certain special physical qualities. 

'* Another very important feature of the process is 
the method of takinor tests. We will now describe 
in detail the different stages of the operation, and we 
will suppose at first, so as to avoid confusion, that 
the raetal to be produced is of the harder kind. 

" The Furnace. — The object of greatest import- 
ance during the whole of the operation is to keep 
oxidatio7i as low as possible in the bath. For this 
reason the furnace must, indeed, be kept as hot as 

*8oUd Steel Castings for Ordnance, Structures and General 
^achmert/ by the Terrenoire Process. By A. L. Holley, 0. B. 
(Sprint f-om the Metallurgical Review, N^w York, 1878, Tol. it 
p. 205.) 
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possible, with a good solid body of fiame ; but there 
should be only just enough air admitted to promote 
thorough combustion. 

" Tlie Initial Bath. — This must be made of pig 
iron containing from 6 to ? per cent, of manganese. 
Spiegeleisen is probably the most convenient form of 
pig ; but as spiegel with this percentage may not be 
&t hand at all times, the bath may be formed by 
taking a richer spiegel, say 12 or 14 per cent, man- 
ganese, and diluting it with one-half ordinary pig 
containing no manganese. 

"The weight of the initial bath, in proportion to 
that of the whole charge, varies according to the con- 
ditions under which the heat is made. We may say, 
generally, that 11 per cent, of the whole is an aver- 
age quantity. Every open-hearth melter knows that 
It is impossible to determine in advance the exact 
quantity of pig wanted for the operation. The tem- 
perature of the furnace has much to do with it. The 
nature of the refining material has also a great influ- 
ence. If a specially pure product is required and 
the softening materials used are very fine puddled 
blooms, nearly free from carbon and manganese, the 
initial bath must necessarily be larger, as well as 
richer in manganese ; it may in this case reach 14 per 
cent, of the whole charge. The materials for the 
initial bath are al'v?ys charged cold. 
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**The So/ieninff or Refining Materiala. — Soon 
sfter the bath is completely melted, the refining 
materiala are auccessivelj added in amal! lota of about 
450 lbs. each. These are invariably prehea'.ed, as 
eliarging them cold and frec^uently would te-id io keep 
down the temperature of the bath. 

"The materiala used in thia aecond period cf the 
operation are cboaen with reference to the quiility re- 
quired in the finiahed product. They may be good 
Beaaemer or open-hearth scrap, fountaina from pre- 
'ioua castings, puddled bars or direct blooma. Mater- 
ials inferior to these would correspondingly lower the 
quality of the product. The proportion of refining 
materiala to the whole charge averages 78 per cent. 

" Slag-testg. — Spiegeleiaen la used for the initial 
bath, because the manganese it contains, being the 
most oxidizable of all the materials present, will re- 
nnwe oxygen that may be present in the bath, and 
will intercept oxygen that tends to enter it. So that 
the more manganese there is in the alag, the less 
Mygen there will be in the metal below. O.tide of 
iron tends to make the slag blank ; manganese tnroa 
it light olive or ashgreen, and the ditferent tints be- 
tween these two extremes give to the practiced eye 
ID exact idea of the state of the oxidation of the bath. 
__**Metal.Te»h before the Final Additions. -The 
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holes in castings are due to carbonic acid gas, disen- 
gaged during the operation of casting. This is only 
true to a very limited extent, especially where the 
steel contains 0.1 per cent, or more of silicon. Herein 
lies the cause of the many failures connected with the 
manufacture of steel castings. The manufacturers 
had been led to believe that it was only necessary to 
add a few pounds of ferro-silicon to their steel, and 
presto ! all their castings would be solid. Practical 
experience has proved the fallacy of this idea. 

Blow-holes in steel which has been properly 
melted, and to which has been added suflScient ferro- 
silicon, are almost entirely due to the high melting- 
point of low-carbon steel, or rather to the rapidity 
with which the metal chills. This is proved by the 
fact that the lower ends of castings which have been 
fed from the bottom by means of a runner are always 
solid, while the blow-holes, when such exist, are 
always on top. 

The diflSculty connected with blow-holes has almost 
entirely been overcome by putting on top of the cast- 
ing a rising-head from 2 to 3 feet high. By this 
means 6000- pound steel rolls without a single blow- 
hole or flaw of any kind have been made. 

The long riser is effective in two ways : Firs^, it 
carries from the casting p-oper the sluggish metal, 
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which haa been cooled in its passage through the 
mould, and allows the mould to be filled with hot 
Bnid metal ; and aecond, the ferrostatic pressure of a 
column of iron 3 feet high is equal to about 10 
pounds to the sijuare inch. This pressure haa a ten- 
dency of course to force the metal into all the cor- 
Ders and make it solid. It also prevents, in a 
measure, shrinkage troubles, and appears to give to 
Btee! castings that solidity for which they are noted, 
giving them a density of 7.8, almost equal to that of 
a forging. 

Shrinkage. This presents a difficult and trouble- 
some problem which has not yet been fully solved. 
It is almost impossible to make certain large, thin, 
complicated castings of steel. Shrinkage troubles 
are caused by the immense contraction of cast-steel, 
whtch frequently amounts to ^ inch per foot; and to 
th« hard dry sand moulds, which it is necessary to 
use in order to prevent the white-hot metal from de- 
stroying the mould. 

There are five different ways of attempting to 
remedy this evil : 

1. By changing the chemical constitution of the 



B, By stripping the castings a 
. By mechanical pressure. 



(1 as poured. 
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CASTING OF BRASS. 

Modelling and pattern-making are both Med 
brass work, and although these are distinct brtm 
of trade from founding, where work is systematit 
performed, yet there are many work-shops whe 
is of great importance that the same man shovAi 
Me to execute work and understand the get 
principles both of modelling and pattem-tnakin^ 
well as of brass founding. 

The materials commonly employed for model 
are pipe-clay and stucco. The former is fised 
work of a protracted nature, the latter for stn 
flat models, which can be finished off at once. I 
clay, which is decomposed feldspar, is made in 
putty with water or glycerine ; the latter proven 
its getting hard for a considerable time. 

Almost the only tools required for modelling 
made of box-wood with variously shaped ends, 
handles are about 6 inches long ; the sharpest e< 
are slightly nicked ; the others are all more or 
blunt. 

A horizontal lathe or turning table, like a poti 
wheel, is also used for circular pieces. 

A few nicely-planed boards, of various sizes, 
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required. On these boards an outline of scroll or 
otber work is drawn, tlie clay being placed thereon 
and modelled. 

Clay is modelled with the hand and wood tools, 
mostly by pressure. The clay adheres to wood, or 
the turning table, when slightly moistened, and re- 
qtures no other fixing. 

Models made either in clay or wood, and which are 
intended for immediate use, require to be made 
larger than the aiae given, by J inch to every foot. 
Brass castings under 12 incbes in size shrink about 
\ inoh to a foot in the mould. Large castings sbiiak 
tbont ^ inch. For this purpose it is best to con- 
Blruet a measure or rule, properly divided, so as to 
save time and calculation. 

Should it be required, however, to make a metal 
pUtem from the clay or wood, then the shrinkage 
*ill be double, and the model will require to be made 
i inch larger per foot every way, a second measure 
or rule being required. The real shrinkage is only 
A) but the other ^j is allowed for finishing. Patterns 
eiactly rectangular do not draw well from the sand ; 
lience, all patterns should be made with a taper of at 
leaat J inch to every foot. Sharp internal angles 
'iiould be avoided, as they leave an arris on the sand 
jl requires mending. 
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corresponding with the pins and snugs of the mould- 
ing boxes. The pins of the moulding boxes may be 
either simply faced, or steel fitting strips can be in- 
serted into grooves formed in them by mandrels. 

When an opening or hollow has to be left in the 
interior of a brass casting, a core is inserted in the 
mould. This consists, as usual, of a properly shaped 
piece of baked sand, exactly the counterpart of the 
hole that is desired. This is placed in the mould to 
prevent the metal or alloy from running into ihe 
space. To keep the core in its position, it is made a 
little longer or wider than necessary, so as to have a 
bearing to rest on at each end. The pattern must 
hare projections on it, so as to leave an impression in 
the sand to receive the end of the cores. Some cores 
have only one bearing, as in the ease of undercut 
work, such as fluted columns and ornamental scroll- 
work. Innumerable modifications in the size and 
shape of- cores exist in every-day practice, and much 
skill is required in their preparation. 

Cores are usually made in boxes. Where it would 
be too costly to construct a core box, it may be dis- 
pensed with by moulding the pattern in sand and 
casting it solid. A good composition for this purpose 
is 1 part of plaster of Paris to 2 parts of brick dust, 
mixed with water. When cast and dry, scrape down 
to the form of the 



Cores, like moulds, must h&ve passages in them to 
allow of the escape of gases, otherwise the casting 
nill almost iuevitablj^ be Epolled. A wire must be 
inserted in the core to make such vent, and be with- 
drawn juat before opening the core-box to remove the 
core. When cores are large they are supported 
with iron rods, round which they are built' up. To 
give consistency to the sand used in making cores, 
about one-half of it should be pure rock sand, which 
contains a certain amount of clay, but not generally 
enough, and consequently the addition of clay water 
IB necessary to give the sand coheaiveness. 

The cores must be dried in a stove, at a tcropera- 
ture not exceeding about 400° F. When dry they 
should be black-washed, or coated with a mixture of 
ground charcoal and water, with a little size. This 
wash must be dried in the stijve, when the cores are 
ready for use. In green sand moulds it is advisable 
not to insert the cores till juat before pouring, so as 
to Drevent their absorbing moisture. 

When a thin brass casting is required, the upper 
half of the mould is moulded from the opposite im- 
preasion, and a thin packing piece of clay or other 
material is placed between the two boxes to keep 
ihem the required distance apart. When it is de- 
nted to mould small' animals, butterHies, leaves, or 
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other delicate and intricate objects which can be con- 
sumed by fire, they are suspended in a box sur- 
rounded with a mixture of 2 parts of brick dust to 1 
of plaster of Paris mixed with water. This mould 
is placed in a furnace to consume the pattern, the re- 
mains being shaken out as far as possible, and the 
metal poured. 

Brass is usually melted in the air crucible furnace, 
but when large castings are made, as those required 
for marine engine work, or for ecclesiastical furni- 
ture, a reverberatory furnace will be found most 
suitable. 

Brass founders' air furnaces are most frequently 
sunk below the floor level, the ash-pit being closed 
with a hinged iron grating. The covers for the fur- 
nace top may be either of cast or wrought-iron, and 
should be of a dome shape; there should be a 
damper in the flue. The interior of the furnace 
must be lined with fire-bricks set in fire-clay. 

The fire-bricks and clay are often contaminated 
with foreign matters, such as oxide of iron, magnesia, 
lime, or black-lead. These impurities impair their 
fire-resisting qualities, and very much shorten the 
*'life" of a furnace. Pure clay should be white, 
opaque and oily to the touch, and on analysis should 
be found to contain a la^ge percentage of silica and 
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alumina. Eire-bricka are made from this clay in the 
opdioarj manner. 

It is also most important to have good crucibles, 
which will neither corrode nor allow liquids and 
gasea to paaa through them. They should also he 
capable of resisting sudden changes of temperature. 
The crucibles used are either made of black lead or 
clay. The latter are cheaper, but less durable than 
the black lead, and require to be carefully hardened 
by a gradual exposure to high temperatures. 

In mixing and pouring brass the least volatile 
metal should be melted first, the others being plunged 
under the melted metal with tongs, in small lumps, 
which must be hot and quite dry. The reason that 
the metal should be hot is that it may remain dry, as 
the steam from any slight moisture on it when placed 
in the melting pot, would probably send the melted 
metal spirting about in all directions. 

The fuel for the brass furnace ia hard coke, which 
13 broken up into lumps the aize of a man's fist. The 
crucible is placed bottom upwards in the fire, so as 
to get it thoroughly heated ; it is then removed wit' 
the tongs, turned right side up, and bedded on a 
slab of fire-clay or a fire-brick, covered with its lid, 
and the fire neatly banked up around it. The metal 
is then placed in the crucible, the covpr put on the 
7 
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«OEih (yf tiie fimuoe^ and tiie damper b opened to 
increase the draught. The crucible then remttins 
imtil ihe metal is <^down." It is nsnal to tiirew in 
with the metal some charcoal dust or broken g^aas, 
which floats on the surface of the molten metal and 
prevents oxidation^ In feeding i^e metal into the 
erooible, put in ihe copper or old brass in small 
pieces until it is nearly full. When this is well 
laelted, add the tin and mix it well in ; then Uirow in 
a few small pieces of zinc. If the zinc flares up, 
throw the Mst of it into the pot, stirring it well ; then 
Hft the pot from tiie furnace, skim off ihe dross, and 
pour into the mould. 

When placing the zinc in the crucible, drop a pieoe 
of borax as large as a walnut into it. This is done 
to prevent the loss of zinc which goes off in the 
fumes. If the surface of the metal is covered by 
fine charcoal or borax, which is prevented from burn- 
ing by being renewed, or by broken glass, the loss 
of zinc is reduced to a minimum. 

If, however, when the small trial pieces of zinc are 
thrown in, tliey do not flare up, throw on a little fuel 
to make the fire brisk, and cover it over until it 
0emes to a proper heat. . Then, as soon as \he zinc 
begins to flare, add the rest. If old brass alone is. 
nehed no tin is required, but a small quantity of 
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Bine. If part copper and part braas, add tin and zinc 
in proportion to the new copper, with a little extra 
zinc for the braaa. To prevent volatilization, char 
coal or broken glaaa may be spread over the metal 
while being melted. 

If the metal ia poured too hot, the oaating will be 
sand-hnrned and ita color impaired. The beat cast 
■ngs are obtained when the metal is at auch a tempei 
ature that it will cool quickly. Heavy castings 
ahould, therefore, be poured last. The metal must 
be carefully skimmed. Small work is poured verti- 
cally, large work horizontally. 

As soon as the brass is poared, it is usual to open 
tjie boxes, and to sprinkle the castings with water 
from the rose of a watering-pot, which makes the 
costings softer than they would otherwise be. When 
Uie casting is completed, let the fire-bars drop, clear 
tlie furnace from ashes and clinkers, and place the po' 
UDongst them to cool gradaally. 
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For facing sand a mixtare of potato starch aikd 
charcoal dust or fine white flour is used ; but char- 
coal dust is the favorite material. 

Sand cores are used for all hollow pieces, unless 
they are to be cast in loam, or are of a large size'; 
in the latter case, the cores are of loam. In bronze 
statue casting, the thickness of the metal should be 
as uniform as possible, otherwise the work will be 
distorted from unequal contraction ; bronze contracts 
considerably on cooling, the extent depending on the 
proportions of the constituent metals employed in iis 
composition and varying from one to two per cent. 
This contraction is found to increase in ratio with 
the size of the casting. 

The perfection of bronze casting is ssdd to consist 
in having the mould very highly finished, and ob- 
taining a bright sharp casting, which shall require 
only a minimum amount of subsequent chasing and 
tool-work, thus leaving the skin of the casting as far 
as possible undisturbed. 

In the French fine-art work the furnace arrange- 
ments are such that the moulds and cores are gener- 
ally dried in furnaces heated by the waste heat from 
the crucible furnaces. , The bronze is melted in clay 
crucibles, holding between 60 and 70 lbs., with coke 
for fuel, and a fan-blast. For large work an air 
furnace is generally employed. 
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English or Straits tin, and very pure South 

A.tiie>'ic&n copper, which latt*r ia purified by liqua- 

e the metata employed. A proportion of gates 

y runners may be added, but this ia only done 

n the proportions and quality of their ingredients 

It known ; and no old bronze guns, old copper or 

^, or other material of unknown and variable 

fOBition, are ever used, as it ia considered im- 

ible to rely upon obtaining a firstrrate casting 

K 8uch uncertain ingredients. 

3he moulds are placed in cast-iron boxes, which 

B placed' in a naked pit, A reservoir formed ol 

1 with a charcoal facing ia employed, into which 

I contents of the crucibles or air-furnaces are 

m. This reservoir communicates with the main 

e of the mould, and as soon as a aufQcient quan- 

f of metal is in the reservoir, an iron plug in the 

3 removed and the metal flows into the mould, 

n vrhenoe the surplus passes off by " rising heads," 

liicli are purposely kept small for fear of distorting 

I casting by too great a pressure. The gas 

rolved during the pouring is fired at the rising 

lieads by a torch. 

Bronzes which are to be coated with enamel have 

leir flurfaces specially prepared for its reception by 

I French artists call cloisonne or partition 
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work. This process is a somewhat tedious one, anv. 
requires great skill on the part of the moulder. The 
outlines of the design for the enamel are describet^ 
by small thin partitions of bronze projecting upwarc 
from the main body of the work less than a twenty- 
fifth part of an inch. Thus the bronze has its sur- 
face covered with a network of fine lines, and when 
the enamel is baked into the shallow cells so formed, 
the enamel and the bronze partitions are ground and 
polished to a uniform depth. These partitions serve 
two useful' purposes ; they describe the outlines, and 
they tend to hold the enamel firmly in position. In 
finishing patterns for this class of work, every irregu- 
larity in the cells and partition walls has to be cut out, 
and great care is necessary not to injure the surface. 
When such patterns are finished they represent a 
considerable value in skilled labor, and are extremely 
delicate ; consequently they are kept covered up on 
soft cushions, away from danger of accidental dam- 
age. 

The founding of statues is certainly a very ancient 
branch of the art, and one in which our ancestors have! 
held their own, as the grace and skill of existingff| 
specimens abundantly testify. The invention of the! 
Samian artists consisted, in all probability, of run- 1 
ning the metal into a mould which contained a centre- 
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piece or kernel, to diminish tlie thickness of the 
metal by leaving a hollow space in the centre of the 
statue. The necessity of this kernel is self-evident, 
for a solid bronze statue would be most costly and 
cumberaome. BesideB, unless the statue is very 
light, it would in many cases be unable to stand. A 
rearing horse, for instance, could never he upheld by 
its hind legs if the whole body was composed of 
solid metal; and to lessen the weight that would 
otherwise beod and break so slender a support, it is 
not only necessary that the horse should be hollow, 
but it must be aa light as skilled workmanship can 
render it. Since the day, therefore, of the Samian 
artists down to the present time, it has been the con- 
stant effort of bronze moulders to lessen the thickness 
of iheir statues by increasing the size of the kernel, 
so as to leave as small a margin as possible for the 
metal to run down this centre-piece and the mould 
with which it is enveloped. 

Among early methods for obtaining this end, the 
most familiar is known as the cire-perdu, or waste- 
wax process, which was still in vogue when the pres- 
ent system was introduced, and a comparison be- 
tween the two will best illustrate the progress now 
accomplished. The "cire-perdu" process required 
gicat care, anil could only be carried out effectively 
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by the sculptor or modeler himself. Thus, let vm 
suppose for the sake of simplicity that the object to 
be reduced is a portrait bust measuring 4 inches in 
height and 8 inches in width. The first step would 
be to model in "sand," or a mixture of porous 
cement, the outline of the bust, taking care to make 
it on every side ^ inch smaller than the size it was 
designed to give to the finished statuette. This out- 
line or "core" must be coated up with wax to make 
up the deficient ^ inch. This much might be accom* 
plished by an ordinary workman, but for the rest 
the services of the artist are indispensable. Witir 
great delicacy of touch he must work up the likeness 
and texture of his subject on the wax, in fact the ex* 
pression, the minute lines, all the details of the ar- 
tist's conception, must be executed in this wax, and 
it will be seen at once that he alone is competent to 
carry this out satisfactorily. Were it done by any- 
one else, it would be at the best but a copy of the 
artist's conception. 

The portrait completed, five or six pieces of wire 
must be pushed through the wax into the sand out- 
line or core. It is now necessary to coat over the 
wax with liquid sand, applied most carefully with 
a fine hair-brush. When a few coats of this sand 
have been made to adhere to the wax, the statuette 
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18 surrounded by an iron frame, and the frame is 
filled up with sand- mixture. The frame is generally 
twice the size of the statue. When all is ready this 
frame is removed with its contents to a warm place, 
BO that the water may evaporate from the sand, and 
the latter gradually conaolidate. Holes must then he 
cut fit one end through the outer sand, after which 
the frame is subjected to the baking process in a hot 
oven. The wait of course melts and runs out of the 
small perforations, leaving a space between the inner 
core, maintained in its position by the wires above 
mentioned, and the outer mould, which latter bears 
the faithful impression of the noodeling bestowed on 
the wax. The holes through which the wax es- 
caped are now used for the purpose of introducing 
tlie molten bronze. The metal poured in rapidly 
fill* tlio apace once occupied by the wax, and the 
"ork ia done, When the metal has had time to cool, 
toe artist anxiously breaks the aand-caaing away to 
OBentomb his work. Sometimes a successful result 
fewsrds his pains, but the work is often a failure. 
™ metal has not perhaps filled all the sharper and 
waller crevices in the raouhl, or the presence of 
'isnplias impeded the process, or again, the escape 
of Urious gases has split the mould, and thus the 
'Me work is in one moment doatroyed, and must be 
'Wommenced from the very firat stage. 
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On the other hand, the method now pursued i3 
more scientific, involves less risk, and is consequent 
ly less expensive, though it is still necessary to 
exercise the greatest skill and judgment. T'le 
sculptor need only produce his conception in plaster, 
and when this is finished, hand it over to the founder, 
who can undertake the rest of the work without any 
assistance from the sculptor. The plaster model is 
immediately imbedded in the sand contained in an 
iron frame or moulding box. Thus safely laid out in 
a soft bed, the workman begins what is called piece- 
moulding. Taking a small section of the statue, he 
forces the sand, by striking it gently with a. mallet, 
into every fissure and crevice, and thus obtains an 
accurate impression of that part of the model on 
which he has been working. Having completed one 
piece he proceeds with another, until by putting the 
pieces together, he can cover that part of the statue 
which is exposed outside of the sand box. The model 
is then lifted from its bed, turned round, impressions 
taken from the other side, and when this is com- 
pleted the model can be removed uninjured. 

The pieces of sand having the impressions of the 
model are fitted together in their relative sea tings 
within the two halves of the mould-box. The mould 
being removed, we have, as it were, two sand- 
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inversions, one representing the right and the other the 

left side of the statue. The moulder then proceeds 

to make in the impress, a core or fac-simile, only a 

little smaller in size, so that when this is placed 

within the mould, there should remain all round a 

margin between the mould and the core equal to 

about ^s inch in thickness. The core and the pieces 

which constitute the mould being secured in their 

respective places, the whole is then exposed to the 

heat of an oven, so that the moisture may be removed 

wad the sand hardened to receive the metal. Vents 

for the foul air and the gas must also be provided, 

and runners to enable the metal to penetrate rapidly 

the margin between the core and outer mould after 

^ke bronze has thus been cast. The sculptor may, 

^^ he chooses, suggest any improvement to the 

c'la.ser, who polishes and finishes off the casting. 

O^-ing to the intricacy and fineness of the model, it 

'^toetimes requires a great number of pieces to 

"^^lie the mould, and several months' work to finish 

fi'iocessfully, even a group small enough to be stood 

^Pon a mantle-piece. One of the great advantages 

^^ this new process is the fact that if the casting 

fails, the artist's model, the result perhaps of infinite 

W)or and of an inspiration which may never be re- 

P^«^ted, remains unaltered. A new mould may be 

^ken from it, and the second cast prove a succe? 
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The statue may thus also be reproduced as often 
as desired; while with the old process, the artist's 
work was carried away for ever as the wax melted, 
and if the cast proved a failure, there was no longer 
any record of the work done and lost. 



BELL-FOUNDING. 

Bell metal is best composed of 80 parts copper 
and 20 tin, or 78 parts copper and 22 tin. There 
are, however, variations from these proportions, and 
small accidental or intentional admixtures of zinc, 
lead, etc., for instance, 71 parts copper, 26 tin, 1.8 
zinc, and 1.2 iron, or 80 parts copper, 10.1 tin, 5.6 
zinc, and 4.3 lead. As regards silver, that is a 
purely poetical and not a chemical ingredient of 
bell metal, there being no foundation whatever for 
the popular notion that it was commonly used in old 
bells, nor the least reason to believe that it would do 
any good. This may readily be juvigod from the 
fact that a silver cup makes rather a woise bell than 
a cast-iron saucepan. 

For hou%e hells the following proportions iray be 
recommended : Copper, 4 parts ; tin, 1 : for tower 
hells, copper, 32 parts, tin, 9 ; and for very large 
tower hells, copper, 1 6 parts, and tin, 5- 
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Aocordiog to Lafond, the following mixture is 
Buitable for bells, hut especially for small hells anj 
piano plates: Copper, 77 parts; tin, 21, and auti 
mony, 2. This yellowish-white alloy can be filed 
only with difficulty. 

Experiments have been made to ascertain whether 
there is any other metal or alloy which would answer 
^tter, or as well, and be cheaper than bell metal. 
The metals that have been suggested are aluminium, 
•Either pure or alloyed with copper, cast-steel, union 
nietal, consisting of tin and iron, and perhaps glass 
flight be added. The first ia at present quite out of 
question, as it is too expensive. Steel bells, though 
'"Cy might be made ubeaper than tiioso of bell raotaj, 
^•^ exceedingly liarsh and unpleasant in tone. Much 
the Bame may be said of the iron and tin alloy of 
vhlch there was a large bell in the London exhibi- 
tion of 1851. It is scarcely necessary to refer to 
gWa, because its brittleneas is enough to disqualify 
't for use in bells, but besides that the sound is very 
"eak compared with a bell-metal bell of the same 
'lie, or even the same weight and, of course, much 
smaller. 

Dr. Percy cast several small bella of various alloys 
"ith the following results : 

1- Iron 95, antimony 6, Not as good as copper- 
tin alluy either in tone or strength. 
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2. Copper 88.65, phosphorus 11.85. A very 
hard alloy, capable of a fine polish, but more brittle 
than bell-metal, and inferior in sound even to the 
iron alloys. 

3. Copper 90.14, aluminium 9.86. This exceeds 
bell-metal in strength and toughness, and polishes 
like gold, but for tone it will not stand against bell- 
metal. 

4. Brass. This makes a better bell than the last- 
named alloys, but very inferior to bell- metal. 

M. Saint Claire Deville, of Paris, cast a bell of 
pure aluminium. In form it was a reproduction on a 
small scale of the Westminster bell, reduced to 6 
inches diameter. The surface was turned and every 
care taken to produce as perfect an aluminium bell 
as possible. But this proved quite as objectionable 
in tone as any of the alloys above named, whilst of 
course the cost would have put the metal out of 
question commercially, even if it had given a good 
musical result. 

For the construction of large bells, it is of im- 
portance to know the constituent parts of a bell. 
Every bell consists of the lower rim, the prim, pinch 
or sound-bow, i. e. the thickest part upon which the 
clapper strikes, further the interior sloping cavity, 
the curve, where the bell gradually becomes thicker 
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sod wider, the upper half, the neck above the cavity, 
the cap which closes the bell above and carries the 
clapper, and the crown which is cast on the cap. 
The prim or pinch determines the proportion of the 
entire bell. For 200 Jba. of bell-weight, 8 lbs. of 
clapper- weight are, as a rule, allowed. The strength 
of the sound is dependent on the quantity of metal, 
and its depth on the form of the bell. To a complete 
church peal belongs the octave of tones: the princi- 
pal notes or key-notes, deep and high, then the 
fourth and third ; hence, four bells. The relation 
of their diameters is as that of the figures 2, Ij, Ij 
Bud 1, and the magnitudes of their weight as 8 : i^ : 
'-A; 1. 

In bell founding a distinction is made between the 
CM^ng of small and of large bells, and both kinds 
will here be discussed. 

I. Moulding and cagting of small bells. Small 
Iwlbare generally moulded in sand. The patterns 
wsedare usually of tin, and must be accurately and 
correctly made as regards the proportion of width 
^n^ height, as well as the thickness of the metal to 
tliB tone which the bells to be cast are to possess. 
The patterns have no crown or clapper-ring, but in- 
"sadof them are provided in the centre of the cap 
—"til »n oblong rectangular aperture. 
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Moulding is done in flasks or boxes, which gen* 
erally consist of three cast>iron or cast-brass frames 
placed one upon the other. Wooden frames are 
seldom employed. For the process of moulding two 
moulding boards of pine, or best of linden wood, are 
required for each flask. During casting, they also 
serve for covering the outer open surfaces of the 
sand mould and, hence, form, so to say, movable 
bottoms of the flasks. They should be somewhat 
longer and wider than the flasks to which they be- 
long, and be nicely planed on one side, and, to pre- 
vent warping, provided, on the other, with cross 
pieces. 

The process of moulding the patterns in sand is as 
follows: Lay the bell-pattern upon a moulding-board, 
place one part of the flask over it, and fill it with 
moist sand. Then invert this portion of the flask so 
that the pattern now appears as if sunk from above 
in the sand, dust the latter with powdered charcoal, 
then place the other portion of the flask upon it and 
fill it also with sand. Or proceed in the reverse 
order: Fill the lower portion of the flask with sand, 
place the pattern upon or sink it somewhajt in the 
sand, and proceed with the upper portion as before. 
The object of dusting the sand with charcoal is U^ 
prevent the adhesion of the two masses of sand cod« 
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tidned In the two portions of the flask. However, 
any charcoal powder which may have fallen upon 
the pattern must he removed, in order to give the 
sand a chance to penetrate into the depressions. 
The sand is then carefully and firmly pressed down 
with the hands, the flask entirely filled with sand, and 
the latter leveled with an iron straight- edge. Mould- 
ing being finished, the flask is parted, the pattern care- 
fully lifted out, and the gate arrauged. Small bells 
are moolded in au upright or inverted position, or 
rather the process of moulding remains the same, but 
the runner is placed in two different ways, either 
from the crown aide or from the side of the sound 
tow. 

a. Moulding the hell in an upright position. In 
ttus mode of moulding, the upper part of the flask 
must have the same height as the bell together with 
(lie quoin, whilst the under part may be lower. The 
"pper part is placed upon a moulding- board, and, 
*fter placing the bell-pattern together with the qnoin 
'" it, the space around it Is filled with sand. The 
°Mk is then inverted, so that Che mouth of the 
"^H is upwards. The under part of the flask is next 
pWced upon the upper and rammed full of sand, 
'liich at the same time fills the interior of the bell, 
*o^ thus forms the core. Before ramming in the 
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sand the iron staple for the clapper must be so placed 
in the cavity that only its ring projects, which is 
then enveloped by the sand of the core. When this 
is done the flask is again inverted, the upper portion 
lifted off, the quoin drawn out, and, after taking the 
pattern from the core, the flask is again put together. 
Casting is effected through the aperture left by the 
quoin. The sides of the staple for the reception of 
the clapper are then in the empty space and sur 
rounded by the casting. The high gate is also filled 
up in casting, and the bell appears with a tenon of 
the form of the removed quoin sitting upon it. If 
the bell is to be provided with a ring screwed into 
the crown, this tenon is sawed off, or a portion of it 
sufficient for securing the bell is allowed to remain. 

This mode of casting bells has often the disadvan- 
tage that the core is readily injured by the metal 
flowing in, and that the latter, since it must spread 
in all directions from one gate, cools off rapidly, and 
frequently does not completely fill the mottUL For 
this reason moulding in inverted position is preferred. 

b. Moulding the bell in inverted position. Th( 
bell pattern is placed upon the moulding-board insid 
the under part of the flask and entirely surroundf 
with sand. The flask is then inverted, and the upp 
portion placed uoon it. Three small rods runn' 
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loosely together to a knob over or outside the mould 
are moulded in, the upper part of the flask being at 
the same time filled witii sand, whereby the core is 
formed. Around tlie knob a funnel-like depression 
for pouring is made. Before taking out the pattern 
the rods are withdrawn, the passages formed thereby 
serving as gates. If the bell ia to be provided with 
a canon, a cavity is made in the aand by means of a 
flat piece of wood. The staple for the clapper ia put 
in in the same manner as before described. By this 
mode of casting the metal flows in from the gate 
through three passages, and rapidly fills the mould 
from three points without injnry to the core. 

II. Moulding and casthti/ lartfe bells. In the 
MDBtruction of large bells, it is of great importance 
lo know the proportions between the dimensions 
*nich are moat advantageous for the production of 
sound. The principal conditions for a good bell are : 
1 ■ The greatest diameter of the bell must be at 
the mouth, and the greatest tlickness of metal at the 
sound-bow, 

2. A bell should at the utmost measure in width 
fifteen times and in height (^measured obliquely on 
*« outside) twelve times the thickness of the sound- 

B. The thickness of the bell decreases from the 
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Bonnd-bow up to half its height and from there on 
should amount only to one-third of the thickness of 
the sound-bow. From the sound-bow to the cir- 
cumference of the mouth the thickness also decreases. 

4. The diameter of the mouth of the bell should 
be twice as large as that of the uppermost part of the 
crown. 

5. The weight of the clapper should be about ^ 
that of the bell. For very large bells a weight of 5 
to 10 lbs. may be added to the clapper. 

6. The ball of the clapper, i. e. its round or pear- 
shaped end, should be thicker in the proportion of 5 : 
3 than the thickness of the metal on the sound-bow. 
However, this applies chiefly only to bells weighing 
over 120 lbs. 

The correct profile of a bell of given diameter is 
traced in the following manner, small variations being, 
however, customary in many foundries. Suppose the 
horizontal line ab in the accompanying illustration 
(Fig. 1) is the prescribed width of the bell at its mouth. 
Divide this line which for this purpose is once more 
drawn at a' 6', into 15 equal parts, which are called 
"prims," because one such part represents the 
thickness of the bell on the prim or sound-bow. 
The diameter of the bell thus divided serves as f 
measuring scale in the following operations. Firg 
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livide a 6 by the linea e f, d g, and e A into four equal 
parts ; / h now gives the diameter of the cap, which 
is one-half the diameter of tlie mouth. Now measure 
off with the compasaes twelve prims, and with tlie 
distance thus obtained intersect from the point e the 
tine e S in i, then draw the line hi, and divide it into 
12 equal parts; with the radius S k, which ta equal 
to 1^ prims, describe an arc from h. By r\ow cut- 
ting off a prim from k to I, the thickness of the bell on 
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«ie soand-bow is obtained. After drawing the line 
' "y erect upon jjj, as the centre of b i, a perpendicu- 



lar. 



iet off upor 



= IJ prima. 



""« point n determinates how far the curve of the 
oell recedes in the centre of the height. The curve 
Itself Qonaists of two parts, ti k and n i, of different 
"^rvatures. To trace it, finj with a distance of 30 
P'^nQ3 from n and i an intersecting point o, and from 

tQOr« describe with the radius o n, the arc i n. 
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Further set off upon the line m n from n to p ^ 
prim, and describe from o with the radius o ][? the arc 
p q for the interior curve of the upper half of the 
bell. The interior curve of the lower half has to be 
drawn from another centre. For this purpose find 
with a distance of 12 prims, from the points p and 2, 
a centre r, and describe from it the arc jo Z ; then 
from the points n and k find, with a distance of 8 
prims, a point « which gives the centre for describ- 
ing the arc n h. Finally, with a distance of 8 
prims intersect from the terminal points a and ( of 
the line a &, the axis d g oi the bell in t, and from 
the latter point, describe with the radius t i the arc 
i n for the outer curvature of the cap. The* cap re 
ceives a thickness of J prim, and, hence, its internal 
curvature is described from the centre t with a 
radius which is J prim smaller than t i. For the 
better securing of the crown upon the bell, the thick- 
ness of the centre of the cap is increased by J prim, 
which is designated by w x. The exterior shape of 
the bell traced according to the above described rule 
is frequently subject to small variations, for instance, 
by rounding off i, and u on the edge of the cap, as 
well as ky and by hoops and rods arranged in differ- 
ent places on the surface, partially for the sake of 
increasing the strength, and partially for orna- 
mentation. 
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From what has been aaid it will be seen how diffi- 
cult the construction of belle ia, and that every part 
muat bo strictly cast in accordance with its pro- 
portions. If bells of a fixed weight are to be cast, a 
normal bell of known tone, dimensions, and weight 
iaused for the calculation. However, sucli calcula- 
tion is not applicable to very large bella, and, hence, 
they most be constructed according to the above de- 
flcribed proportions. Though the moulding of large 
bells may be called a master-piece, the casting re- 
quires the aame attention and equal skill, in order to 
obtain a pure harmonious tone ; the slightest in- 
ftGciiracy or defect in casting destroys the harmony, 
and spoils the hell. 

In calculating the sizes of bells to produce partic- 
ular notes, and assuming that eight bells are made 
■^^ Binilar material and their sections exactly similar 
figures in the mathematical sense, they will sound 
the eight notes of the diatonic scale, if all their di- 
"^enaions are in these proportions : 60, 53J, 48, 45, 
*0, 3Qj 32j 30, which are merely convenient figures 
'Or representing the inverse proportions of the times 
•^f vibration belonging to the eight notes of the scale. 
'So that if it is re{^uired to nnake a bell a fifth above 
* given one, it must be two-thirds of the size in 
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unless it is intesided to vary the 
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proportion of thickness to diameter, for the same rale 

then no longer holds, as a thinner bell will ^ve the 

same note with a less diameter. 

The weights of bells of similar figures vary as the 

cubes of their diameters, and may be nearly enough 

represented by the figures 216, 152, 110, 91, 64, 46, 
33, 27. The exact tune of a set of bells, as they 

come out of the moulds, is a secondary consideration 
to their tone or quality of sound, because the notes 
can be altered a little either way by cutting, but the 
quality of the tone will remain the same forever, ex- 
cept that it gets louder for the first two or three years 
that the bell is used, probably from the particles 
arranging themselves more completely in a crystal- 
line order under the hammering, as is well known to 
take place. 

The usual mode of hanging bells is to cast six ears 
or loops on the top or crown of the bell ; these are 
called canons^ through which iron hooks and straps 
are put to fasten the bell to the stock. 

This method of hanging by canons is no doubt ob- 
jectionable, as they must always be the weakest 
part of the casting, from being nearest the top, and 
in practice it is found that they frequently break and- 
have to be replaced by iron bolts put through holea 
drilled in the cr-^wn. It is also difficult to turn th^ 
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bell in the stock, to present a new surface to the 

clapper when it is worn thin in one place. In some 

bells these disadvantages are avoided by casting a 

very short, thick, hollow neck with a strong flange 

round the top, which can be fastened to the stock by 

bolts with hooked ends. By this arrangement the 

bell is held by a large section of its own metal, and 

can at any time be shifted round by slackening the 

bolts. If a clapper is to be used, it can be hung 

upon a separate bolt passing through the hole in the 

neck and through the stock, and secured above. 

When only clock hammers are employed to strike 

on bells, the wear is so small that the facility of turn- 

^^g the bells is of secondary importance. This plan 

nas the recommendation of great strength, and would 

Pi'obably have been largely adopted but for the loss 

Oi the canonsj which are regarded by the founders 

^ an ornamental finish to bells, upon which they 

rather pride themselves. 

•Before the Reformation it was usual to cast some 
"^^^^gious invocation on the bells ; that custom was 
^^placed by the founders placing their trade marks, 
^^ Some short sentiment or verse, upon the bells, 
©Uher with or without a date. 

^« Moulding large bells. Large bells are moulded 
*^ loam in the foundry-pit located immediately in 



124 BRASS AND IRON FOUNDER. 

front of the furnace. The loam used should be pale, 
meagre, and free from coarser pieces of sand and 
stone. For the core, as well as for the interior of 
the cope, it should be passed through a fine sieve. 
On the other hand, red fat loam is used for making 
the outer layer of the mould, it possessing greater 
cementing power. For constructing the mould the 
loam is mixed with horse-dung, straw, chaff, or 
plasterers' hair, and wetted with water so that it can 
be kneaded and readily applied. 

In the centre of the foundry-pit a post designated 
c, in the accompanying illustration, (Fig. 2) is driven 
into the ground. 

Around this post a wide platform of bricks is 
built, upon which the core is erected in brick. This 
core is hollow and, to enable the workman to make t 
fire in it, is provided below with the flues e e for th< 
necessary draught. About half the height of th 
core, a flat iron rod g is laid upon the post c ar 
bricked in the wall of the core. In the centre < 
this bar is a hole for the reception of the point of t 
spindle h. The latter is provided with two fori 
arms Ar, between which the pattern or templet is 
cured by means of screws. This templet A ' 
board of hard wood cut in the shape of the intc 
form of the bell, the edg**" being covered with 
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brass or zinc. The templet serves as a guide for 
obtaining the correct curve in building ap the core. 
When the core is finished one workman covers it 
with loam, wliile another removes any excess of loam 




by tnming the templet. The last surface washing is 
pten by a finely-ground composition of clay and 
l"iok-duBt. 
Ib moulding a bell, the loam should be applied in 
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layers and one layer allowed to dry before applying 
the next. To give, on the one hand, the core a 
smooth surface, and, on the other, to insulate it from 
the adjoining layer of loam of the " thickness," it is 
finally brushed over by means of a brush with finely 
sifted ashes mixed with water or beer. This being 
done, the templet is removed and the core dried, a 
fire being made for this purpose in its cavity. 

When the core is dry, the layer representing the 
actual bell is laid upon it in loam sand. This layer 
is called the thickneaSj and in the illustration, is 
indicated by a stippled outline. It is applied in the 
same manner as the core-layers, one layer being al- 
lowed to dry before applying the next: the last 
layer is made of very fine loam. A thin coating of 
a mixture of tallow and wax in a fluid state is then 
applied, and the entire mould again compared with 
the templet. Ornamentations, letters, etc., which 
have been previously moulded in modelling wax, are 
now attached, the process being much facilitated by 
the above-mentioned coating of tallow and wax. 

The moulding of the cope is next proceeded with. 
Since the cope has to stand a strong pressure from, 
the interior to the exterior, it must be of sufficients^ 
thickness — for large bells at least 5 to 6 inches — anA 
somewhat thicker on the bottom than on the top. Icb 
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building up the cope, dilTerent kinds of loam are 

used. The first layers are made of fine, sifted loam 

Msed with moulding sand or brick dust, and mado 

into a paste with sifted horse-dung and water. This 

paste is carefully applied with a brush, so that all 

deprrasioDS in the ornamentations, letters, etc., are 

wall filled up. These thin layers must he allowed 

to ihorouglily dry in the air. Upon this coating is 

laid ordinary moulding loam apphed either with the 

iand or trowel. After applying the first layer, a 

fire ia kept up in the core, whereby the coating of 

tallow and wax nielta and soaks in the loam mould, 

leaving an empty space so that the cope can he read- 

''y lifted off. The last layers of the cope are made 

'*' 'oRm mixed with plasterers' hair, and in order to 

prevent tearing, hemp ropes are frequently kneaded 

^'i a.11 around: 

The crown of the bell is moulded over a wood pat- 
^rn after the spindle is removed. The iron or steel 
^'aple for the hammer is set in the core in the hollow 
'^Vt by the spindle. It projects into the thickness 
^*> as to be cast into the metal. 

When the cope is finished, it is secured by iron 
noopa and rods, which are screwed together, and 
wtn, ao to say, an iron frame around it. The cope 
* ^en lifted oif with the assistance of a crane 
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or tackle, accurate marks having previously been 
made to serve as guides for its replacement. The 
cope having been lifted off, it is repaired, if neces- 
sary, with the above-mentioned mixture of loam an I 
moulding sand or brick dust made into a paste with 
sifted horse-dung and water. It is then dried an 1 
heated to glowing to prepare it for casting. The 
thickness upon the core is now carefully removed 
with hammer and chisel. The core is then again re- 
vised, and, if necessary, repaired, and finally given a 
uniform coating of the previously mentioned mixture 
of ashes with water or beer. The cavity of the core 
may be filled with sand, if preferred, but there is nc 
harm done if it is left open ; for bell-metal does tioi 
generate much gas, and there is no danger of an ex 
plosion. The core being thoroughly dried anc 
warmed by a fire made around it, the warm cope is 
placed over it, and after putting the mould of th( 
crown in position, all the joints are carefully closec 
with loam. The mould of the bell being now fin 
isheJ, the pit is filled with sand well rammed in 
Tbe cast-gate is on top of the bell, or, if the lattei 
13 ornamented, on one side of it. Flow-gates are of 
no use here ; the metal must be clean before it enter: 
the mould. 

D. Casting large bells. In casting large bella, i 
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reverberatory or air furnace is used for melting the 
metal. Tbo furnace eonsiats of two principal parts, 
separated from each other, viz., the fi re -cli amber and 
the bed or hearth. In the first, the fuel is burned, 
and in the latter, which is round or oval and slightly 
depressed, the metal, spread out in not too high a 
layer, is melted. Opposite to the fire-chamber in the 
front wall of the furnace ia the tapping-hole, closed 
from the inside by a plug, which is pushed in when 
the metal is melted. 

Id casting bells it is a rale to melt the meiai as 
n^idly as possible and keep its surface covered with 
powdered coal or coke. First melt the copper, and 
whea that is perfectly liquid add the other metals. 
"ben adding the tin, endeavor to push it down to the 
hottom of the melted copper, otherwise a consider- 
able portion of it will volatilize and burn before 
combiniug with the copper. When the metal is 
melted, a sample is taken out with a ladle, cast in 
*and, and examined as to grain and fracture. If the 
""xturc proves succeaaful, the melted metal is freed 
irotn impurities and casting may be proceeded with, 
^nnatead of new metal old bell-metal ia to be used, 
'sufficient quantity of new bronze (copper and tin) 
^ make up the loss in the old bronze has to be 
*M.ti. For melting 4 to 8 hours are required, ao- 
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instead with levers over the furnace. Many bell- 
founders have also furnaces with simple flues In the 
vault without chimney, but they are not suitable for 
large castings. 

The principle of the reverberatory furnace is so to 
deflect, or direct, the currents of flame and heated 
air that they may exert their most intense power 
upon the metal lying on the bed of the furnace, in 
which respect the air-furnace somewhat resembles the 
action of the blow-pipe, with which the greatest con- 
centration of heat on a certain body can be effected 
in the least time. 

The casting being completed, it is allowed to cool 
12 to 24 hours. The pit is then emptied, the cope 
removed, and the bell lifted from the pit with th^ 
assistance of a crane or tackle. It is then trans 
ported to the work-room, where the feeding-head and 
vent-hole pieces are sawed off, the letters ground an'l 
the ornamentations chased, or, with ordinary bells, 
simply rubbed with sand-paper. 

Repairing cracked hells. Cracked bells, if it is 
not preferred to recast them, may be repaired by 
filling up the crack, or if it does not extend beyond 
the sound-bow, by cutting it out. However, bella 
repaired in this manner never possess their original 
pure and beautiful tone, and are not very durable. 
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The operation of filling up the crack is as follows : 

Saw or file the edges of the crack so as to form an 

empty triangular space. Into this space accurately 

fit a piece of wood, which serves for the preparation 

of a mould, in which the piece of bell-metal to be set 

in is cast. Then fill and surround the bell with 

glowing coals so that as uniform a heat as possible is 

naaintained, care being, however, taken to prevent the 

melting of the bell. After 10 to 12 hours direct the 

blast only upon the crack, lay the piece to be set in, 

*^hich has been previously cast, in the fire, and, when 

'fc and the edges of the crack are nearly at a white 

«eat, remove the coals and ashes, scatter borax upon 

^he edges, place the piece in the crack with the 

^sistance of tongs, and drive it in by gentle blows of 

the hammer. By hammering, the heat of the edges 

^® suflBciently increased to cause them to fuse to- 

S^ther with the new piece. The bell is then allowed 

^^ Cool slowly, when the crack is filed smooth. 

^^eight of a few peals of bells. The following 

®cale gives the average weight of a few peals of bells, 

^i Such sizes and proportions as are recommended by 

^^asrs. Warner and Sons in their " Notes on Bells:" 
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Pedis of 3. 


Peals or S. j 


Wdghtof 


Nole. 


Weight of 


"tC?' 


Kot«. 


Weight of 
p4la,S 


"3 'T 


F sliarp. 


, ^ qr.. 


"0 


°9"'"2 


Bflat. 


35' "©'"o 


3 3 12 




9 2 




10 2 C 


A. 


10 


4 3 C 


Bfltlt. 


12 




11 2 ( 


G sharp. 


42 U 


6 1 C 


a. 


13 2 




13 2 t 




50 


S 2 C 


HI Bbup. 


15 




16 ( 


F. 


iO 


6 




16 3 




18 


E. 


65 


Pea1aof4. 






Peals of 8. 1 


5 ( 


Bflat. 


16 





13 3 


Q. 


60 


6 1 C 


D. 


IT 


( 


15 ( 


P sharp. 


68 


6 ( 


3. 


19 2 


f 


IT 3 ( 


B. 


76 3 


10 ( 




28 D 






E. 


85 


12 3 ( 


a. 


36 


t 


26 < 


Eflat. 


100 


IB 


P sharp. 


42 





30 1 


Gflat. 


111 2 


PealBofS. 








6 ( 


D. 


23 2 


c 






9 ( 


Bflat 




f 






10 2 ( 


&. 


32 2 


f 






12 ( 


G sharp. 


39 


I 






13 ( 




40 


f 






15 


F sharp. 


57 







1 



Anali/iei 0/ Several BcU Mttali, 



Copper 

Tin (with anllmony) 

Iron 

Zinc 

Lead 


1 


i 


t 


1 


WestmitiBter. 


11,0 
26.0 
1.2 


T2.4 
24.3 

0.4 


Olii 
Peal. 


1610 


Top. 


Bot' 1 


12.76 
25.39 


J4.T 
23.11 

Traces 

0^58 


75.31 
24,37 


7S.07 
24.7 


Traces 


Traces 


Specific gravity . . 














H.7G 


8.58 


8.847 


8.869 
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Lut of Large BeUa, 



Moscow, 1736 1 

broken, 1737 j 

Another, 1817 

Three others 

NoTogorod . 

Olmiitz . . 

Vienna, 1711 

Westminster, 1856 

Erfurt, 1497 

Paris, 1680 . . 

Afontreal, 1847 

Cologne, 1448 

Breslau, 1507 

Goerlitz . . 

York, 1845 . 

Bruges, 1680 . . 

^t- Peter's, Rome 

Oxford, 1680 

^ucerne, 1639 . 

^albcrstadt, 1457 

^atwerp. . 4 

^""ussels . . . 

J^a.ixtzic, 1453 . 

^mooln, 1834. 

^^ haul's, 1716 

^Qent .... 

^orilogne'(new). 

^*<i liincoln, 1610 . 

*P^rth quarter bell i 

iWeataninster, 1867 » 



Weight. 

■ 


1 


• 

1 

o 

.a 

H 

In. 
23 


Note. 


Clapper 

or 
hammer. 


Tons. Cwt. 
250 (?) 

110 (?) 

16 to 31 
31 

17 18 
17 14 
15 8} 
13 15 
12 16 
12 15 
11 3 
11 
10 17 
10 15 
10 5 

8 
7 12 
7 11 
7 10 
7 3 

1 IJ 
6 1 

5 8 

5 4 

4 18 

4 18 

4 8 

40 


Ft In. 
22 8 
18 














^ofbell 
















9 10 
9 5} 
8 7J 
8 7 
8 7 
7 11 








• • 

^ 

Si 


E 
F 

• • • • 
F 
G 


12 cwt. 
6} cwt! 

• • • • 

• • • • 










8 4 


8 


F sharp 
G 


4 cwt. 

• • • • 






7 


6* 


• • • • 

G 


80 lbs. 

• • • • 


















G sharp 


• • • • 






6 10} 
6 9 


6 


A 
A 


150 lbs. 
180 lbs. 










« • • 

6 3} 
6 


5i 


B flat 
B 


• • • • 

• • • • 
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CHILL-CASTING. 

Chill-casting converts into white iron the outer 
skin of a casting made from certain qualities of cast 
iron ; the depth to which this alteration extends is 
capable of being regulated. This white cast iron is 
very hard, brittle and crystalline, and scarcely differs, 
either in chemical or physical properties, from steel, 
except that it cannot be " tempered." In this case 
the whole, or nearly the whole, of the carbon con- 
tained in the iron is in a state of chemical combina- 
tion with it ; whilst in the darker irons most of the 
carbon is diffused throughout the mass in the form of 
small particles or scales. 

If the cast iron contains a large portion of manga- 
nese, the amount of combined carbon may be as much 
as 10 per cent., but ordinary pig iron seldom con- 
tains more than 5 per cent, of combined carbon. 
These particles of uncombined carbon must, whilst 
the metal is in a melted state, be combined with it, 
for being of a much less specific gravity, less than 
half, if they were floating about in separate particles, 
they would necessarily come to the surface of the 
metal. It is, therefore, assumed that the separacion 
of the particles of carbon takes place at the moment 
of solidification. 
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\JS a thin shett of gray cast iron .6 rapidly cooled, 
it becomes whiter, i. e. a larger portion of its carbon 
is held in chemical com bt nation. White oast iron 
may also be obtained from gray pig, by alternately 
melting and cooling it iii the ordinary manner. 
When it is deaired to obtain a white iron direct from 
the blast- furnace, the proportion of fuel is reduced 
below the amount usually allowed for the same quan- 
tity of ore and blast, if a good grey iron were re- 
quired. 

These facts explain the results which are obtained 

by the process of "chilling" a casting; where the 

akin of the casting is in contact with the "chill," it 

is, for a certain distance inside, converted into a hard 

■white iron, whilst the interior of the casting will re- 

■Xinin of the same general nature, as to color and 

toughness, as the pig from which it was cast. The 

aiidden cooling of the metal prevents the combined 

oarbon near the outer portion from separating, 

■wliereas the cooling of the inner portion of the metal 

l>eiiig more gradual, allows it to resume its normal 

Condition. The suspended particles of carbon, which 

are held in the metal near the exterior of the casting, 

are supposed to be forced inwards into the interior, 

or mill fluid portion, of the casting. 

All, or nearly all, the carbon in the chilled portion 
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of the casting is therefore in chenoical combmatiou 
with the metal, Tvhilst that in the intcnor remains 
suspended aa separate atoms or scales. Such is the 
generally accepted theory of chilled castings, which 
may indeed be open to objection. The practical re- 
sult is, however, beyond any question. 

Chill-castJngs are much used for portions of con- 
structions which were formerly made of steel or 
wrought-iron, such as columns, shafts, material for 
railroads, etc. If the pieces cast In chills possessed 
the same degree of hardness throughout, tbey would, 
on the one hand, be difficult to work, and, on the 
other, be very brittle. For this reason it is sought 
to limit the effect of the chill to the portion of the 
casting which requires hardening, by making the 
moulds for the purpose of several parts, some of 



i« 



i*.;^ S 



them consisting of sand and loam, which do not 
exert a hardening action. 

Thus in casting, for instance, the tongue of a frog 
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for a railroad* the upper portion of the rail and 
tongue is only cast in chills, while the remainder, 
the bottom-plate, lies in a sand-mould which stands 
over the chill. Consequently only the upper portion 
of the rail and tongue (Fig. 5,) consists of chilled 
casting, which is converted into mottled pig, while 
the bottom-plate consists of fine-grained grey iron. 
A few examples of moulding may here be given. 
a. A chilled roily the Journals of which are to re- 
main soft. The mould Fig. 6 consists of three 
parts. The lower box of iron or wood is filled with 
*' new sand," or a strong composition of clay and 
sand, in which a wooden pattern is moulded, which 
forms the coupling and the neck of the roll. The 
Middle part of the mould is the chill, a heavy iron 
cylinder well bored. The upper part of the mould 
*8^in consists of a box, but is higher than the lower 
^^5 80 as to make room for the head in which the 
^'^purities of the iron, sullage, are to be gathered. 
■*-he two boxes with their contents of sand must be 
^'^U dried. The chill is the important part in this 
^^uld. It ought to be at least three times as heavy 
^ the roll which is to be cast in it, and provided 
v^ith wrought-iron hoops to prevent its falling to 
P^^ces, for it will certainly crack if not made of very 
strong cast-iron. The iron of which a chill is case 



HO 
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should be strong, fine grained, and not too grey. 
Orey iron is too bad a i,onductor of heat ; it is liable 
to melt with the cast Iron that makes a good roll 




win make a good chill. The face of the mould is 
blackened like any other mould, but the blankening 
muet be stronger than in other cases, to resist more 
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the abrasive motion of the fluid metal. The cbill i^ 
blackened with a tliiii coating of very fine black-leaii, 
mixed with the purest kind of clay. This coating 
must be very thin, or it will scale off before it is 
of service. 

The moat important point in making chilled rolls 
is the mode of casting them, and the qualit_y of iron 




oaed. To cast a roll, whether a cliilled roU or any 
Other, from above, would cause a failure. , All roUa 
•uuat be cast from below. The dotted lines in the 
illustration (Fig. 6) indicate the caat-gate and chan- 
tiel as it ia seen from above. A cast-iron pipe, lined 
inside with mass and thoroughly dried, is generally 
used. It is screwed to the moulding box for the lower 
journal of the roll and, as shown by the dotted liiiea, 
continues to a certain distance around the latter. 
Fig. 7 shows a section through the moulding bos 
mthe direction of A A. From it it will be seen that 
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the channel of the cast-gate touches the mould in a 
tangential direction. In casting fluid metal in this 
gate, the metal will assume a rotary motion around 
the axis of the roll, or the axis of the mould. This 
motion will carry all the heavy and pure iron to- 
wards the periphery, or the face of the mould, and 
the sullage will concentrate in the centre. It is a 
bad plan to lead the current of hot iron upon the 
chill, for it would burn a hole into it, and melt chill 
and roll in that place together. The quality of the 
melted iron modifies in some measure the form of the 
gate, stiff or cold iron requiring a rapid motion, while 
fluid, thin iron must have less motion, or it is liable 
to adhere to the chill. The roll must be kept in the 
mould until perfectly cool, but the cooling may be 
accelerated by digging up the sand around the chill. 
In considering the advisability of the greater or 
less depth of chill, estimate the extent to which the 
casting may be worn or turned before it becomes ne- 
cessary to replace it. For castings that will have 
much surface-wear, such as in rolling metal, or crush- 
ing minerals, allowance should be made in the depth, 
of the chill for the removal of the exterior of the 
rolls, by their being repeatedly turned in the lathe, 
as their surfaces become worn or injured in use. At 
the same time, it mus*^^ be remembered, that th^ 
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greater the depth to which the chill is carried, the 
more brittle is the oaating. The chief strength of tbo 
caating \a in its tough, unaltered metal beneath the 
hard, chilled surface. Hence, chilling to a greater 
depth than necessary should be avoided, especially in 
cases where strength is required in the castings to re- 
sist transverse and other strains. 

In casting large chilled rolls, the moulds for the 
ends and necks should be of dry sand, or loam prop- 
erly built up and connected with the iron chill for 
the roll itself. The mass of metal in the chill largely 
iTifluenees tbo depth of the chilled portion of the 
casting. It ia necessary not only that it should be 
Sufficient to reduce, in a few minutes, the tempera- 
ture of the iron on the surface from the temperature 
at which it is poured — say 2500° F. — to that of ooti- 
<iification — say 1000° F. — when it is bright red in 
<3ayl.'ght, but also that it should be capable of absTb- 
ing the heat which will radiate from the interior of 
the casting, so ad to prevent the solidified and chiUed 
surface from bein;^ remelted by the radiation of in- 
ternal heat. 

b, Gkill-inould for a railroad wheel. In this 

case it must he considered that only the rim is to be 

bard, while the spokes and hub are to show the coQ- 

BMitutioD of ordinary cast iron Et that they can bo 
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worked and are less exposed to the danger of break- 
ing. The mould, Fig. 8, also coDsiste of three parts. 
The middle part is the chill iS, I is the lower part, 
/// the upper part with the cast-gate E, and K the 
core for the bub aperture. The lower part is a box 
of comiDon round form, merely to hold the sand and 
give support to the centre core and the middle box. 



^ 


/// 


.1- 


m 


Pt,v 




■ 


,'^i 


I ^ 


/ 


yr 


^ 



The upper box is of similar form, also round. 
The middle box iS", is a solid ring, oast of mottled 
iron and bored out upon a turning lathe, giving its 
interior the reierse of the exact outer form of the 
rim of the wheel. This middle box ought to be at 
least as heavj as the wheel is to be, after casting, and 
it is preferable if it has two or three times that 
weight. All the three boxes are joined by lugs and 
pins as usual, and the latter should fit well without 
being too tight. The chief difficulty in casting these 
chilled irheels, is to make the cast of a uniform 
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Btrain to prevent the wheels from breaking, and 
vrheela with Bpotes or arms are very liable to do this. 
At present most of these vfheela are cast with 
corrugated discs or plates. In this way the hub 
may he cast solid, and the wheel ia not so liable to 
be subjected to an unequal strain as when cast w 
apokes. In such plate-wheels the whole apace be- 
tween the rim and the hub is filled by metal. The 
rim of a good wheel should be as hard as hardened 
steel at ita periphery, but aoft and grey in its central 
parts. The first requisite is more safely attained b 
lianng a heavy chill ; hut if the chill is too heavy, 
the inner parts are apt to suffer from the cooling 
qualides of the chill. Success in this branch of 
founding depends very much on the quality of the 
[ iron of which the wheels are cast. Soon after caat- 
I ing such wheels it is advlsal)le to open the mould, 
ind remove the sand from the central portion, so as 
I to make it cool faster. This precaution saves many 
Icasttngs, not only iu this particular case, but in 
Kin&ny other inatanues, Unirormity in cooling is aa 
■necessary to success as good moulding. 

The following ia a brief description of the largest 
Establishment for the manufacture of chilled wheels 
II the United States, and the manner in which the 
lork is advanced from stage to stage: The foundry, 



146 BRASS AND IBON FOUNJER. 

which is of course the most important portion of the 
whole works, is provided with two lines of rails run- 
ning down its whole length, except opposite the fur* 
naees. The rails are laid to a gauge of about 10 
feet, and upon them are placed 12 light travelling 
cranes, with a platform attached to the centre -post, 
and upon which the man working the crane stands 
and controls its movements, both in hauling the 
moulds and ladles, and in moving the crane from 
place to place upon the line, the crane being geared 
for travelling. The floor of the foundry is so laid 
out that there is room on either side of both pairs of 
rails for a row of moulds, and in the centre of the 
building is a path about 4 feet wide. Against one 
side of the building, and in the centre of its length, 
are five cupolas, three of 4 feet 6 inches internal 
diameter, and two smaller ones of 18 inches 
diameter. The former are employed in melting the 
iron for the wheels, the latter chiefly for experi- 
mental purposes. The three cupolas are tapped into 
converging channels, all running into one large tip- 
ping reservoir, from which the small ladles are sup- 
plied. The blast to the cupolas is furnished by a 
vertical blowing engine, with two blowing cylinders, 
one at the top of the machine and one at the bottom, 
with the steam-cylinder between the two. 
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The mixing of the irons for the cupok is the most 
important and difficult operation in the whole course 
of manufacture. Besides tbe ateel-acrap nottiing but 
cliarcoal pig iron is employed, and of this from 
twelve to twenty different kinds, all of the highest 
class, are used in varying proportions. But these 
mixtares have to be altered frequently, owing to 
irregularities in tbe nature of the metal, and daily 
teats are made, with a view of ascertaining what 
changes, if any, have to be introduced into the next 
iJay's work. The proportions of the mixture being 
[iecided upon, the cupolas are charged, a ton of coal 
being first put into the bed of each furnace. The 
charge b then carefully loaded upon trucks upon a 
weighing platform. Piles of the various pigs are 
placed in their proper order around the truck, and 
fchere is a drum upon the weighing machine, on which 
a sheet of paper is placed, and the weight of each 
different pig, in proper order, is written upon it. 
^or instance, the workman commences with 250 lbs. 
of coal in his truck; be then places 125 lbs. of old 
steel rails, 125 lbs, of cinder pig, 350 lbs. of old 
wheels, and so on through the long list of charcoal 
pig iron employed, the old material being placed at 
the bottom of the furnace. The weighing platform 
i* M arranged as to record the accumulating weights 
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as the drum revolves, bringing before the workman 
the name and quantity of each successive ingredient 
which hp takes from its respective heap before him. 
As soon as it is loaded the truck is raised to the top 
of the cupola by a hydraulic lift. The moulds, when 
ready, are placed down the building in four rows, 
one on each side of the two lines of rail upon which 
the cranes run. The patterns used are almost all in 
iron, and the chills in the moulds are of cast iron. 
One workman can, on an average, mould ten wheels 
per day, but all failures in the casting arising from 
any carelessness in moulding, are charged to him op 
a rapidly increasing scale. 

Before the metal in the cupola is ready to run, a 
charcoal fire is lighted in the previously mentioned 
receiver, in order to warm it, and also that when 
filled the metal may be covered with charcoal and 
oxidation checked. In a similar manner the ladles, 
of which there are a very large number employed, 
have burning charcoal placed in them, and they are 
internally coated in the usual way. These ladles are 
cylindrical pots made of sheet iron and mounted each 
on a pair of wheels for facility of transport. On the 
sides of each ladle are two sockets, into one of which 
the end of a long iron handle is inserted for hauling 
it along the floor. Also at each end of the axle is a 
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square hole, into wliich is placed the end jf a handle 
with forked enda. The ladle being run up to the re- 
ceiver, the latter is tipped over bj the gearing at- 
tatched to it, and the ladle ia charged ; it is then 
brought along the floor to the crane, which takes 
hold of it. The two square-ended handles before men- 
tioned are inserted in the holes in the axlea, the 
ladle is raiaed, and the iron poured into the mould. 
The chilled portion of the wheel sets almost as soon 
as it comes in contact with the chills, and in a very 
abort time after the casting has been made, the flasks 
are removed, the sand ia knocked away, and the red- 
hot wheel 13 placed on a truck to be taken to tbe 
annealing pits. This process ia one of the most im- 
portant of the series. If the wheel be allowed to 
cool in the open air, severe internal strains are 
created which will sometimes be sufficient to destroy 
the casting, and open air cooling was the chief cause 
of failure in the early periods of this class of wheel 
making. 

The annealing ovens are placed at one end of the 
foundry, and below the floors, the tops of the ovens 
being at that level. Besides these ovena of very 
large diameters for extra-sized wheels, chilled tires, 
etc., there are 48 pits ranged in 6 rows of 8 each. 
These rows are divided into pairs, each pair of 16 
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pits being devoted to the reception of one dty's pro- 
duction, the period required for annealing being 3 
days. By this arrangement, when the last two Fowa 
of ovens are charged, the first two rows can be 
emptied and refilled, so that the work proceeds 
without interruption and in regular rotation. Two 
hydraulic cranes with the booms revolving upon a 
fixed post, are placed upon the floor and command 
the whole area occupied by the ovens. The boom 
of each crane is made double, and upon it runs to 
and fro a small carriage, from which hangs the 
chain, carrying at the lower end the hooks by whicL 
the wheels are handled. This attachment consists of 
three arms with flattened ends turned over so as 
grip the wheel. The upper ends of these arms ar 
hinged together, and as they tend always to fall in 




ward, they hold the wheel tightly, but by moving ^ 
single attachment the arms are thrown outwar^^zis^ 'd 
when it is desired to release the wheel. The motio ~^^^ -n 
of the cranes is controlled by one man, fixed 8to [_— j^^ hJS 
being provided on the guiding apparatus, so th^ "^^ 
when the crane is adjusted for filling one oven it r 
mains in that .position till it is thrown over to t' 
next. 

The ovens or annealing pits are cylinders of she ^^ t- 
iron \ inch thick, about 66 inches in diameter, a.Tm ^ 
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of BofEcieDt depth to contain easily 18 wheels with 
cast-iron distance pieces between them. They are 
lined with brick-work, and being of considerable 
depth, they descend into a lower floor. The lower 
parts are enclosed in a large rectangular chamber, 
one for each aet of ovens. Within this chamber, 
.i.nd for a short distance above it, Sre brick is used 
instead of ordinary brick-work as in the upper 
portions, and within the cylinder a circular founda- 
tioD of brick-work is set, upon which are placed the 
-%vhee]3 on being lowered by the crane. Tlie whole 
of this weight then is transferred direct to the 
foundation of the building. At the end of each of 
the three rectangular chambers already mentioned is 
I*, furnace, and each chamber is divided down the 
■whole of its length by a perforated fiue ; through 
fclieae perforations the heat from the furnace passes 
a.iid enters the lower ends of the ovens. These fur- 
naces are required to prevent the too sudden cooling 
of the castings, but only J ton of coal ia burned for 
each full day's production. Flues leading to the 
chinniey carry off the heated gases from tiie upper 
parts of the ovens, and so the process of cooling is 
thua very gradually carried on, until at the end of 
three days the wheels are ready for removal. The 
tnree large annealing pits mentioned above are some- 
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what differently arranged. To save room they are 
not carried down so low as the pther ovens, but ter- 
minate at a height of about 7 feet above the floor, 
each being supported upon a central column. When 
they are used, a fire is lighted in the bottom of each 
pit, the wheels are put in and covered over, and the 
oven is allowed gradually to cool. 

On being removed from the pit the wheels are 
taken into the cleaning and testing room. Here the 
sand is removed and the wheels tested by hammering 
under the sledge as well as by a small hammer, 
while the tread is cut at intervals by a chisel. The 
heavy blows to which the wheel is subjected never 
fail in detecting faults when such exist, and when 
they are discovered the wheel is removed to be 
broken up. About 10 per cent, of the whole pro 
duction is rejected, but occasionally this proportion 
is very much higher. 

In order to keep the quality of the wheels up U^ 
the desired standard, a large number of test-pieces 
are cast every day and submitted to examination* 
By this means an accurate knowledge of the nature 
of the wheels, the character of the chill, and other 
points, is obtained ; the data are carefully recorded, 
and if the tests are satisfactory, the wheels corres- 
ponding to the test-piece are delivered into stock. 
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If Dot, thej are returned to be broken up. The 
Boimd wheels are finally taken to the machine-shop, 
where they are bdred, and, if desired, fitted with 
tncir axles. The tools, therefore, in this shop are 







Fig. 9. 
few in number, consisting of three boring machines, 
fi press for forcing the wheels on or for drawing them 
"ffthe axles, and a number of lathes. 
The average lif° of a chilled cast iron wheel of 
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first quality is asserted to be 50,000 miles for passes 
gar and 100,000 miles for freight traflSc. 

c. For the preparation of hollow chill- castings^ 
F. Tellander has patented a process which consists in 
casting around a metallic core, which as soon as the 
iron begins to solidify is removed from below. The 
method is shown in Fig. 9. Around the (dark) iron 
core k, is cast the (dark hatched) wheel- box r, the 
inner surface of which is to be hardened. Th^ 
moulding-box/ is filled with sand and the cast-gat^ 
e and the vent w are arranged. After the solidifica- 
tion of the casting, the leaver h is withdrawn and the 
core k falls into the vessel (r, which is filled witt 
water. 



CASTING WITHOUT CORE. 



This mode of casting would, no doubt, be use 
more if it were not connected with a peculiar disac 
vantage. Casting without core is executed by pou"^ 
ing the fluid metal (zinc, tin, lead, or alloys of the^ 
metals) into a mould, generally of brass, with a conra 
paratively large gate, whereby the gate must, ^ 
course, be kept uppermost, just the reverse of tk: 
position shown in the illustration (Fig. 10). TA 
mould b entirely filled with liquid metal is then mc^^-^ 
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or less quickly inverted, so that it comes in the 
position shown in the illustration. By not allowing 
time for complete congelation, the larger portion of 
the metal poured m will run out, whilst a crust e of 




Fig. 10. 

^or^f jr IcHB thicItnesB renoains in the mould and 

'^'^3 a casting useful for tanoy itiduatrial purposes. 

To obtain solid castings free from blowholes, the 

"^^tal must stand tmiJer a certain pressure, which 
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mended for the purpose. Kow, while the tluid 
metal, nhca poured in, CDogeals on the metallic walla 
of the mould, they being good conductors of lieiit, 
congelation does not take place along the line of 
the asbestos, the metal poured in remaining fluid, or 
at least much more fluid on this point than on other 
places of the mould. By now inverting the mould, 
the strip i lying opposite to the groove e filled with 
asbestos runs out together with the metal, filling the 
Enould, and when taking the mould apart the dead- 
bead or funnel B will be found separated from the 
Cfcctual casting, or connected with 'it only by a very 
tA la film, which can be readily severed. 



CASTINU ON TO OTHER METALS. 

It is occasionally desirerl to unite other metals by 
Lue&ns of cast-iron, or to fix ornamental castings on 
t-> light work made of wrouglit-iron or steel. 

Such a process caunot be practised with cast-iron 
».*poii any of the other useful metals than cast-iron, 
■wrought- iron, or steel, as all the other metala, com- 
ni.inly used, have melting pointtt so much below that 
ol cast-iron that they would not hear coming in con- 
*»^t with liquid cast-iron. 

Sometimes non metallic snhstauces, such na gnnd- 
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stones, etc., are held in shape by rings or bands of 
iron cast round them. 

When iron is cast upon or around solid wrooght- 
iron or steel, certain changes are brought about upon 
these metals. The cast-iron when thus brought into 
contact with the comparatively cool surface of the 
solid wrought-iron or steel will of course be " chilled" 
at and around all points of contact. It will there- 
fore be harder, more brittle, and much less tough 
in these parts, and this result will occur wherever 
liquid cast-iron comes in contact with either soUd 
cast-iron, or wrought-iron, or steel. 

When wrought-iron is employed it is found to un- 
dergo a certain amount of deterioration, both in 
toughness and cohesion, becoming of less value for 
structural purposes where those qualities are re- 
quired. Steel suffers in the same manner, but to %. 
much less extent. A bar of cast-iron cast around 2b 
core of wrought iron will be found little, if anything, 
stronger than a simple bar of cast-iron of the same 
size. Consequently where the full strength an 
toughness of these metals are required, " casting on 
should be avoided, and especially in any work whi 
will be exposed to sudden shocks, or varying straii 

But a very large number of useful and ornamer 
articles, requiring little absolute strength, can 
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KDOSt readily produced by th'j process of casting on, 
such as hand-rails, window frames, panels, hat and 
umbrella stands, bedsteads, or ornamental gates. 

One well-known application of this process ia 
^loline's invention for the combination of wrought 
and cast-iron in themanufaature of window frames. 
The sash-bars are formed of wrought-iron, rolled of 
any light and convenient section, suited to receive 
glass; these bars are united by ornamented cast-iron 



An iron pattern is first made, from which a sand 
mould is obtained, the wrought-iron bars are cut to 
the required lengths, and placed in the mould, with 
their enda nearly touching; over these ends the 
»Mou]d of the boss ia placed, which must be sufficiently 
'*r-ge to cover them, so that when cast on, the bosses 
^wall firmly unite the wrought-iron bars. These 
^mdowa can be readily made of any usual size and 
^iia.pe, and are easily fixed. They are light in ap- 
pearance, and combine the strength of wrought-iron 
^'tli the ornamental character, which can easily be 
^■^tained by the addition of eaat-iron flowers, scrolls, 
^i^Qjorial bearings, or other ornaments, 

For ornamenting wrought-iron railinga, two ways 
'^*^ applying cast-iron may be mentioned. Either the 
wroughHror bars may be plai^d m the moulds, and 
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the ornaments cast round their ends, or the orna^ 
ments may be cast in green-sand moulds, cored out 
to fit the wrought-iron bars, on to which they are 
afterwards fixed by an alloy of zinc and lead. Lead 
alone is to be avoided, as it sets up a galvanic action, 
and assists the formation of rust.. 

In designing cast-iron railings it will be well to 
adopt outlines in which the metal will not be unfairly 
strained, by the union of very light and heavy pieces 
in the same casting. Discard all very fine orna- 
mental work for streets where there is much traffic, 
as accident or mischief will very shortly spoil the 
beauty of the work, which cannot be repaired. 
Ornamental cast iron work of an intricate character 
is only in place where it can be seen to advantage 
and is not exposed to violence. 

Exposed to the air in large cities, cast-iron rail- 
ings are much more durable than those of wrought- 
iron. 

If cast-iron chill moulds are used for the orna- 
mental castings, the ornaments will naturally be 
rather brittle; in most cases this will be found of 
little consequence, but where it is desired to avoid 
brittleness, the work can be placed in an annealing 
oven, when the cast-iron will be made into malleable 
oast-iron, without prejudicially affecting the wrought- 
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Iron, if an^r is used ia coojaucdoti wiclj tlie cast-iron, 
as ia freqaently the case. 

Burnintf-on ia also frequently practised, for the 
purpose of ornamenting wrought-iron with scrolls, 
volutes or twisted forma. Loam moulds are made, 
and when thoroughly dried, are applieii to that 
portJOD of the wrought-iron which it is wished to 
bom on to; cast-iron ia tben poured through the 
moulds until the wrought-iron is brought to a weld- 
ing heat ; pouring is then ceased, and the cast-iron, 
when cooled down, is found firmly affixed to tho 
Wrought-iron, 

For ornamental cast-iron railings which are de 
signed with comparatively heavy pilasters and bare, 
having the intervals between them filled in with light 
Ornamental work, the two should not be cast at one 
arid the same time, otherwise the light work will be 
a.Tni03t certain to break away from the heavy, owing 
to the unequal contraction in cooling. The oroa- 
ttiental work should be cast first, of fine, soft, fluid 
iron, and be provided with small-fitting pieces or 
lugs, at convenient points, for fixing to the heavy 
oars or uprights. Coat theae lugs on the fine work 
with clay and black-wash, place it in a sand mould, 
and cast the heavy work round it. By so doing the 
iron will not be liable to fracture from unequal ooa- 
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traction and expansion. Burning-on .s sometimes of 
sendee in repairing a broken or damaged casting, but 
the process is neither applicable to fine, delicate 
work, nor to cases where the size and shape of the 
ori^nal castings must be strictly preserved, as in a 
cast-iron wheel, which would probably be twisted out 
of shape by the expansion and subsequent contrac- 
tion of the metal during the operation of buming-on. 
But a piece of machine framing, the necks of rolls, 
or a standard which has been broken or found de- 
fective, may be repaired as follows: First cut away 
the defective parts down to the sound metal, build a 
coke-fire round the part of the casting which is to be 
repaired until it is brought to a bright red heat, then 
dust over the surface of the cut metal with powdered 
glass or borax. Then apply a hollow loam mould of 
the desired part to the casting, properly secured in 
position, and provided with a hole for the exit of the 
metal. Pour very hot liquid cast-iron into the mould, 
and allow it to flow away until the cut surface of the 
original metal of the casting can be felt with an iron 
bar to have become soft and pasty by contact with 
the hot liquid iron. Then stop the exit hole, and 
allow the metal in the mould to set. If the opera- 
tion has been properly performed the casting should 
ring, when struck, with the same sound as a single 
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good cafiting, thu9 showing that the old and new 
ixietal are perfectly united. 

Where portions of large caatinga require to be re- 
moved for this buming-on process, the easiest mode 
of doing it is to cut the casting while at a cherry red 
heat, with a rapidly revolving circular saw, such as 
is used for cutting off the "crop-ends" of rolled 
rails. 

Cast iron may also be bent to a considerable ex- 
tent with safety at a cherry-red heat, which quality 
»s occasionally of service in remedying variations 
•rom the desired shape, arising from contraction in 
*'*>oling. The bench or surface on which such hend- 
'^'g ia to be performed must be constructed of non- 
conducting material, such as baked fire-clay, other- 
wise the iron will part with its heat too suddenly, 
^t><3 break rather than bend. 

Boles occur occasionally on the surface of a cast- 
"^g, which although not of sufGcient importance to 
"•^ie it advisable to reject or break up the casting, 
^f"© unsightly. Liquid cast-iron may be poured into 
^^^h holes, the superfluous metal being removed by 
"^ iron straight-edge. It is usually preferred, liow- 
^^^r, to fill up these cavities with an alloy having a 
"**>i!ar appearance to the cast-iron, but being much 
™Oro fuBible. One such alloy consista of antimony 
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69 parts by weight, copper 16, tin 2, n^elted to 
gether, to which add afterwards lead 13 parts b; 
weight. Another alloy for the same purpose co 
sists of antimony 65 parts by weight, copper 1 
lead 13, prepared in the same way. 
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CASTING BRASS NUTS ON SCREWS. 

Polish the screw, make a mould on it, with a 

j^ate or runner at the end ; when the mould is ho 
eontal, 1 inch in diameter, 5 inches high, scoop out * 
top 3 inches diameter beveled down to 1 inch; a c:^. c 
ond, make the gate or runner on the top of scre^v^ j 
inch diameter, same height as the other. Take a 
pricker and prick from the top of the mould to t^lhe 
pattern nut about a dozen holes, after which dr^ir 
diamonds with the wire from these holes to the sicies 
of the mould on the top. Now part the mould, dirsw 
the nut and screw, cut the gates, making the on© at 
the end of nut same as the down one, an inch, in 
diameter; take the screw, smoke it over a gas-flanoe, 
turning it round, pouring a little oil on it. Continue 
heating till the oil begins to boil ; at this stage take 
a little dry parting-sand, which is used to part the 
mould; sprinkle this all around the top of the oil; 
heat now as before to a dull red heat, and proceed SB 
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before. Remelt the metal, take 3 lbs. of old waste 

handles, free from iron, add to this 9 lbs. of copper, 

melt both, and when ready for casting add J lb. of 

zinc or spelter; allow it to remain in the fire 10 

■ninutes ; take it out, add J lb. of block tin and J lb. 

of lead; stir the whole well up. The screw is now 

Ted and in the mould. Rush the metal quickly in at 

the gate, 1 inch diameter ; be sure the metal is hot, 

and it will rise at the other gate to the top of the 

mould. Be careful at this stage. To take the nut 

off do not heat it; dress it as before; hammer it 

cold, heat it; now hold the screw upright, pour on 

oil at the top of the nut, allow it to cool, catch nut 

in vice, apply a lever to the square at end of screw, 

and turn it round. 



A NEW PROCESS OF CASTING IRON AND OTHER METALS 

UPON LACE, EMBROIDERIES, FERN LEAVES AND 

OTHER COMBUSTIBLE MATERIALS. 

Mr. a. E. Outerbridge, Jr., has succeeded in 
ftioulding fine lace in cast-iron, the impression show- 
ing the most delicate lines of the pattern. The lace 
to be moulded must first be carbonized. In place of 
'ace, other fine tissues, embroidered ornamentations 
Upon stuffs, leaves, grasses, etc., may also be 
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moulded, previous carbonization being, however, 
always required. The process, as described by Mr. 
Outerbridge at a stated meeting of the Franklin In- 
stitute, Philadelphia, is as follows: The objects are 
placed in a cast-iron box, the bottom of which is 
covered with a layer of powdered charcoal or other 
form of carbon, then another layer of carbon dust 
is sprinkled over them, and the box is covered 
with a close-fitting lid. The box is next heated 
gradually in an oven, to drive off moisture, and 
the temperature slowly raised until the escape of 
blue smoke from under the lid ceases. The heat 
is then increased until the box becomes white-hot ; it 
is kept in this glowing condition for at least two 
hours. It is then removed from the oven, allowed to 
cool, and the contents are tested in a gas flame. If 
they have been thoroughly carbonized, they will not 
glow when removed from the flame, and the fibres 
may even be heated white hot before consuming. 

Of course the method employed to carbonize the 
materials is susceptible of variation, but the scientific 
principles involved are unchangeable, viz.: 

1. Partial exclusion of air and substitution there- 
for of a carbon atmosphere. 

2. Slow heating to drive 05" moisture and voladi'' 
elements. 



A mW PROOBSS. 

8. Intense and prolonged heating of the partly 
charred objects to eliminate remaining foreign ele- 
ments, and to change the carbon from the comliuati- 
ble form of ordinary charcoal to a highly refractory 
condition. 

In the first experiments the mould was made in 
"green sand" in the ordinary manner, and the 
fabric laid smoothly upon" one face, being cut slightly 
larger than the mould, in order that it might project 
over the edge, so that when the moulding flaak was 
closed the fabric was held in its proper posidon. 
As the melted metal flowed into the mould, it forced 
the fabric firmly against the sand wall, and when the 
casting was removed the carbonized fabric was 
stripped ofi^ from its face without injury. In this 
■way several castings have been made from one car- 
bonized material. 

The castings are as aharp as electrotypes, whether 
made of soft fluid iron or hard quick-setting metal. 
This peculiarity is owing to the aflinity between 
melted iron or steel ; the melted metal tends to 
absorb the carbon as it flows over it, thus causing the 
fabric to hug the metal closely. It is somewhat 
analogous to the eff'ect of pouring mercury over zinc. 
As is well known, when mercury is poured upon a 
ard, it runs in a globular form — it does not " wet 
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the board, so to speak; but when poared upon a 
plate of clean zinc, it flows like water and wets every 
portion of the zinc ; or, as we say, it amalgamates 
with the zinc. So when melted iron is poared into 
an ordinary sand mould, which has been faced with 
this refractorily-carbonized fabric, it wets every 
portion of it, tending to absorb the carbon, and 
doubtless would do so if it remained fluid long 
enough, but as the metal cools almost immediately, 
there is no appreciable destruction of the fibres. 



CORES IN HEAVY CASTINGS. 

When cores run through heavy bodies of iron, the 
hot liquid raises the fusible element of the sand to 
such a temperature that the grains fuse together, so 
that when the casting-cleaner tries to get the core out, 
he finds it almost as hard as the iron. A good thing 
to prevent this fusing of the sand is to mix some sea- 
coal or blacking in it, and to give the surface of the 
core a good body of black lead or plumbago blacking. 
This outside coat of blacking will prevent the liquid 
iron from eating into the surface of the core-sand, and 
the sea-coal or blacking mixed in the sand burns away 
and passes off in the form of gas, leaving a porous 



COKES m HBAVY CASTINGS. 169 

l>ocly between the grains of sand, which assists in pre- 
venting its fusion. 

In putting rods in such cores as are subjected to a 
high temperature, it is a good plan to coat them with 
two or three coats of flour paste and dry them in an 
oven as it is put on ; for by doing this the dried paste 
burns off from the rod and leaves it free to come out 
<>f the casting. 



OORB FOR DIFFICULT CASTINGS. 

'XJme following are instructions for a composition 

^^^ cores that may be required for diflScult jobs, 

^h^xe it would be very expensive to make a core-box 

^^ them : Make a pattern (of any material that 

^^11 stand moulding) like the core required. Take a 

*^^vild from the same in the sand, in the ordinary 

^^^, place strengthening wires from point to point, 

^^Xxtrally, gate and close your flask. Then make a 

^^Ooposition of 2 parts brickdust and 1 of plaster of 

•■^^ris, mix with water, and cast. Take it out when 

^^t, dry it and place it in the mould warm, so that 

^^re may be no cold air in it. 
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BRASS MIRRORS. "*" 

An Etruscan mirror, placed in the hands 
" Gerharht of Berlin," was found to consist, in 1 
parts, of 67.12 copper, 24.93 tin, 8.13 lead ; a 
proximating closely to an alloy of 8 parts copp 
3 of tin, and 1 of lead. The oxide of tin obtain 
in the course of analysis was carefully examin 
before the blow-pipe for antimony, but he saw 
trace of that metal. 

A similar mirror has been analysed by " Klap — 
roth." He found 62 per cent, copper, 32 tin, and 
6 per cent. lead. 




Copper. — Copper is thick and pasty, and without 
9ome alloy will not run into the cavities and sinu- 
osities of the mould. 

Metahs. — ^A quarter of a grain of lead will render 
an ounce of gold perfectly brittle, although neither 
gold or lead are brittle metals. 

* See Job, xxxvii. 1^ ; Exodus, xxxyiiL 8. 
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Surface of MetdU. — The surface of metals should 
^ carefully defended, while in the fluid state, from 
e action of the atmosphere, by a stratum of wax, 
itch, or resin, if the fusing point be low ; or by a 
Xsiyer of salt, powdered glass, borax, charcoal, &c., 
it is high. 



- Blanched Copper. — 8 ounces of copper, and J an 
ounce of neutral arsenical salt, fused together under 
a flux of calcined borax and pounded glass, to which 
cliarcoal powder is added, makes blanched copper. 

British Weapons and Tools in BronzCy anciently 

^^lled Corinthian and Syracuse Brass. — The metal 

'^f which the British weapons and tools were made, 

'^^s been chemically analysed in modern times, and 

^'^^ proportions appear to be — 

In a spear head, 1 part of tin to 6 parts of copper. 
In an axe head, 1 do. 10 do. 

In a knife, 1 do. 7} do. 
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ON BRASS. 

In Germany brass appears to have been m 
for centuries before the manufacture was introdu 
into England. This is stated to have been done 
a German, who worked at Esher, in Surrey, in 
year 1649. The analysis of a few pieces of bro 
of undoubted antiquity, namely, a helmet with 
inscription (found at Delphi, and now in the Brit 
Museum), some nails from the treasury of Atr^:- 
at Mycenae, an ancient Corinthian coin, and a i^ 
tion of a breast-plate, or cuirass, of exquisite wo 
manship (also in the British Museum), affords ab 
S7 to 88 parts copper to about 12 to 13 tin, 
cent. 

The experiments of Klaproth and others g^ 
nearly the same results as to ingredients ; the ({xxtm- ^^ 
tities sometimes slightly differ. Lead is contain ^^ 
in some specimens, as has been shown. Zinc, a«^^ 
the nature of it, as heretofore observed, was n<^^ 
known to the ancients. 

In an antique sword, found many years ago, iB 







AMALGAMATION OP METALS. 



»l<i and silver, amalgamation takes place readily, 
r Tuere contact. When, on tLe other hand, the 
'«ie«ion of a meta) is strong or its afBnity for mer- 
'*~y is weak, heat or intermediate action, or both, 
'^ X"«qmBite to effect amalgamatioti. 
If forty-four parts of mercury be mixed with one 
^*"t «f potassium, combination occurs with the evo- 
"*'Oi3 of much heat; and when the resulting amal- 
}-^^^ is cold, it is hard and has the appearance of 
lv^j-_ When the quantity of mercury exceeds one 
*^<ired parts to one of potassium, the compound is 
*l*'-i<3, and an amalgamation containing only 1.5 
^^ cent, of potassium is susceptible of crystalliza 
'****- The density of an amalgam exceeds that of 
"^ mean of the metals ; this and the tendency of 
^^ or both metals to oxidize, are additional indica 
"^Oa of chemical combination. 

There are some metals, it has been observed, re- 
SUir^ijg tigat to amalgamate them. Antimony offers 
^^ example of this : to effect combination it must be 
***^Ued, and while liquid mixed with hot mercury, 
"•ere heat, however, causes scarcely any action be- 

*^een iron and mercury ; they may be amalgamated 
, ^J mixing the filings of the metal with powdered 
j *luin, and rubbing them together in a mortar with 

ft little water. After trituration, the alum may b« 
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washed out. By the intervention of tin or sine, 
iron may be combined with mercury, and a double 
amalgam is formed. Platina also unites with mer- 
cury, by the intervention of the amalgam of potas- 
sium, but not by direct action. The double amalgam 
of iron and zinc does not rapidly undergo any 
change, and is not attracted by the magnet. All 
amalgams are decomposed by a red heat ; the mer- 
cury being distilled, and the more fixed metal re- 
maining. The process of amalgamation and decom- 
position is employed to separate gold and silver from 
their ores. The mercury obtained by decomposing 
the amalgams is distilled and repeatedly used for 
the same purpose, with comparatively little loss. 

The amalgams of gold and silver are used or em- 
ployed in the process of gilding and plating. We 
have also shown the amalgam of tin is largely used 
in what is called silvering mirrors, and that various 
amalgams of tin and zinc are employed for exciting 
electricity in the machine. 



At a high temperature this metal is volatil- 
ized ; may be distilled in close vessels, and solidi- 
fies in foliated crystals. If it be merely melted in 
a crucible, and cautiously cooled, it crystallizes in 
well-defined cubes. Bismuth, as met with in com- 
merce, is not pure, for it generally contains iron 
and arsenic. In order to purify it, it is to be dis- 
solved in nitric acid ; the solution is to be decom- 
posed by water, and the precipitate, after being 
boiled in a solution of soda, is to be mixed with 
black fiux, and moderately heated in a crucible. 

Bismuth combines with copper to form a pale- 
red brittle alloy. It forms a brittle compound with 
silver ; and it has been proposed as a substitute foi 
lead, in refining silver. It is said to form a more 
fluid oxide, which penetrates the cupel more readily 
than that of lead ; and may also be used in smaller 
quantity. 

With mercury it forms a very fluid alloy, and 
makes the following metals brittle by combination : 
tungsten, palladium, rhodium, gold, and platina. 
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It is principally employed in making fusible alloys, 
and as an ingredient in solders* It is often called 
in the arts ^^ tin glass." 



ON FBicnoN. 

Friction is independent of the velocity ; at least 
when the velocity is neither very great nor very 
small. With hard substances, such as wood, metal, 
and stone, the amount of friction is simply as the 
pressure, without regard to surface, time, or velocity. 
Friction is greatest with softy and least with hard 
substances. The diminution of friction by %ingueni» 
depends on the nature of the unguents^ without re 
ference to the substances moving over them. 

The following table shows the comparative amount 
of friction of diflferent metals, under an average 
pressure of 54.25 pounds to 69.55 pounds. 



TABLE OF FRICTION. 
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Names of Metals, Tried. 


Average 
Weight 


Proportions. 


Weight per 
Square Inch. 


Brass on Wrought Iron . . 

Steel upon Steel 

Brass upon Cast Iron . . . 

Brass upon Steel 

Hard Brass upon Cast Iron 
Wro't Iron upon Wro't Iron 
Cast Iron upon Cast Iron . 
Do. do. Steel . . . 
Do. do. Wro't Iron 

Brass upon Brass 

Tin upon Tin 


lbs. 
69.55 
69.55 
64.25 
69.65 
54.25 
69.65 
64.25 
69.55 
69.65 
69.66 
69.65 


7.312 
6.860 
6.745 
6.592 
6.581 
6.561 
6.475 
6.893 
6.023 
6.764 
8.305 


lbs. oz. 
11 12.4 
11 12.5 

8 0.6 
11 12.5 

6 16.9 
11 12.6 

8 0.6 
11 12.6 
11 12.5 
11 12.5 
11 12.6 



From hence it would appear that haj'd metah 
have less friction than soft ones ; and that the fric- 
tion of hard against hard may be generally estimated 
at about one-sixth of the pressure. 

Relative to unguents, Sir John Ronnie's experi- 
Ocients show that for gun metal or cast iron, with oil 
intervening, and a weight of 1120 pounds, the fric- 
"tion amounted to ^.63 of the pressure ; but on 
diminishing the insistent weights the friction was 
liiminiBhed to ^.iSL 
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ISJfiLLH. 

The large bells now used in churches, are said 
to have been invented by Paulinus, Bishop of Nola, 
in Campania, about the year 400: whence the 
"Nola" and "Campania" of the lower Latinity. 
They were probably introduced into England very 
soon after their invention. They are first mentioned 
by Bede, about the close of the seventh century. 
Ingulphus records that Turketul, Abbot of Croy- 
land, who died about the year 890, gave a bell of a 
very large size to that abbey, which he named Guth- 
lac. His successor, Egelric, cast a ring of six 
others, to which he gave the names of Bartholomew, 
Bettelin, Turketul, Tat wine, Pega, and Bega. Baro- 
nius informs us that Pope John XIII. , A. D. 968, 
consecrated a very large new cast bell, in the Late- 
ran Church, and gave it the name of John. The 
ritual for the baptizing of bells may be found in the 
Roman Pontificale. 

The city of Nankin, in China, was anciently fa- 
mous for the largeness of its bells, as we learn from 
Father le Compte; but they were afterwards far 
exceeded in size by those of the churches of Moscow 
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'■ A Lell in the tower of St. Iran's Church, in Mos- 
cow, weighed 127,836 English pounds, or 67 tons 
"I cwt. I qr. 16 pounds. A bell given by the Czar 
Boris Godunof to the Cathedral of Moscow, weighed 
288,000 pounds, or 128 tons 11 cwt. 1 qr. 20 lbs. 
-And another, given by the Empress Anne, probably 
the largest in the known world, weighed 432,000 
pounds, or 192 tons 17 cwt. qi'S. 26 pounds. 
-According to Ooxe (Travels in Russia, vol. 1, page 
k S22), the height of this last bell was 19 feet, the 
f ■^ircumference at the bottom 63 feet 11 inches, and 
) its greatest thickness 23 inches. The great bell of 
£t. Paul's, London, weighs 12,000 pounds, and iB 
9 feet in diameter. 

The largest bell in England, is " Great Tom, "of 
Christ Church, Oxford, which is 17,000 pounds 



I 



ON FLUXXS. 



Blaoe fldx is made by mixing one part of 
powdered nitre with two parts of powdered argot, 
which is the commercial name for impure cream of 
tartar, or bitartrate of potash. 
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This mixture is to be gradually thrown into a red< 
hot earthen crucible, so as to deflagrate it, taking 
care not to make the heat so high as to fuse the 
mixture. 

In this case, the nitric acid of the nitre is de> 
composed, its oxygen acts upon the carbon of the 
tartaric acid, carbonic acid is formed, and this unit- 
ing with the potash, both of the nitre and bitartrate, 
IS converted into carbonate of potash. The whole 
of the carbon of the tartaric acid is not, however, 
HO acted upon ; and the excess remains mixed with 
the carbonate of potash, in the state of finely divided 
charcoal. 

This flux should be immediately reduced to 
powder, and kept in a well stopped bottle ; other- 
wise it will become damp by the absorption of moist 
ure, to which the carbonate of potash is subject. 
This flux is doubly useful ; the carbonate of potasb 
combines with the earthy parts of the ore, such as 
silica and alumina^ while the charcoal unites with 
the oxygen of the metallic oxides, and, carbonic 
acid being formed and expelled, the metal is reduced 
and melts. This flux is especially useful in tbe pro- 
cess of detecting arsenious acid, and reducing it to 
the metallic state. 

Argol^ alr<^ady described, is an impure bitartrate 
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of potash, powdered and mixed with the pulverized 
substance to be reduced, and is sometimes advantage- 
ously used as a flux. Owing to the intimate mix- 
ture of the charcoal and potash in this flux, a good 
deal of potassium is evolved ; and upon the reduc- 
ing property of this metal, the reduction of the 
ojcides of other metals frequently depends to a con 
sitierable extent. , 

Charcoal alone is, in the case of pure oxides, 
sometimes employed as a flux : thus, a crucible 
lixied with charcoal is useful for the reduction of 
•^:^ide of iron ; or the oxide may be mixed with char- 

a. 

Sal-enixum, or the refuse from aquafortis, is an 
icellent flux for copper, &c. 



'^XJSING AND MELTING POINTS, ASCERTAINED BT MEANS 
OF PROFESSOR DANIEL'S REGISTERED PYROMETER. 



Mercury, 
Tin, . . 
Bismuth, 
Lead, 
Zinc, . 



—39° Fahrenheit. 
442° Crichton. 
497° do. 
612° do. 
773° Daniel. 
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Antimony 
Silver, . 
Copper, . 
Gold, . 
Cast iron, 



. 809° Daniel. 
. 1873° do. 
. 1996° do. 
. 2016° do. 
. 2787° do. 



Bismuth is mentioned by Agricola, abont the year 
1 529, A. D. It is of a reddish-white colour ; its 
lustre is considerable, and its structure lamellated. 
It is so brittle as to be easily reducible to powder. 
When cold, its density is 9.83. It melts at 462°. 
according to Crighton, jr. ; Irving, 476° ; Daniel, 
497°. Thus even doctors disagree. Probably, 
however, the specimens experimented upon might 
have slightly varied as to quality — the reader ie 
furnished with all the facts. 



FLUIDITY. 



AccoBDiNG to Dr. Irving, the undermentioned 
bodies contain the annexed quantities of heat whei^ 
rendered fluid: — 



ANTI-FRIOTION METALS. S03 

Lead, .... 162° Fahrenheit. 

Zmc, 493'' do. 

Tin, 600° do. 

Bismath, • • • . 5^0° do. 



Aim-FBICTION MBTALS. 

XIant use 9 and 10 parts tin to 1 part copper. 

^ superior composition to either of the above is, 

part copper, 1 part regulus of antimony, to 10 

of tin. Melt the copper first, then add the 

'timonj, with a small portion of tin ; cover up the 

'wlziole with charcoal for a short time prior to cast- 

ii^g; add the remainder of the tin. These composi- 

tioBB are solely used for lining brass bearings. 

^e following is an excellent anti-friction metal, 
i^ot used for linings, but used in castings instead of 
^x'ass : namely, 85 parts zinc, 10 parts tin, to which 
18 added 5 parts of antimony. 
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TABLE FOB CONYBETINQ DECIMAL P&0P0&TI0N8 INTO DIYISIONI 

OV THE POUND AVOIEDUPOIS. 



DeolmoL 


OS. 


dr. 


DeelmiL 


OS. 


dr. 


Decimal. 


OS. dr. 




OS. dr. 


.89 




1 


12.89 


2 


1 


26.89 


4 1 


37.86 


6 1 


.78 




2 


13.28 


2 


2 


36.78 


4 2 


88.28 


6 2 


1.17 




8 


18.67 


2 


8 


26.17 


4 8 


38.67 


6 3 


1.66 




4 


14.06 


2 


4 


26.66 


4 4 


89.06 


6 4 


1.95 




6 


14.45 


2 


6 


26.96 


4 6 


39.45 


6 5 


2.84 




6 


14.84 


2 


6 


27.84 


4 6 


39.84 


6 6 


2.73 




7 


16.23 


2 


7 


27.73 


4 7 


40.23 


6 7 


3.13 




8 


16.62 


2 


8 


28.13 


4 8 


40.62 


6 8 


8.62 




9 


16.01 


2 


9 


28.62 


4 9 


41.02 


6 9 


3.91 




10 


16.41 


2 10 


28.91 


4 10 


41.41 


6 10 


4.30 




11 


16.80 


2 


11 


29.80 


4 11 


41.79 


6 11 


4.69 




12 


17.19 


2 


12 


29.69 


4 12 


42.19 


6 12 


6.08 




13 


17.68 


2 


18 


30.08 


4 18 


42.54 


6 13 


6.47 




14 


17.97 


2 


14 


30.47 


4 14 


42.97 


6 14 


6.86 




16 


18.86 


2 


16 


30.86 


4 16 


43.36 


6 16 


6.26 







18.76 


8 





81.25 


6 


43.76 


7 


6.64 




1 


19.14 


8 


1 


81.64 


6 1 


44.14 


7 1 


7.03 




2 


19.58 


3 


2 


82.08 


5 2 


44.63 


7 2 


7.42 




3 


19.92 


3 


3 


32.42 


5 8 


44.92 


7 3 


7.81 




4 


20.31 


3 


4 


32.81 


5 4 


46.31 


7 4 


8.20 




6 


20.70 


3 


5 


83.20 


6 6 


46.70 


7 6 


8.59 




6 


21.09 


3 


6 


38.59 


6 6 


46.09 


7 6 


8.98 




7 


21.48 


3 


7 


83.98 


6 7 


46.48 


7 7 


9.38 




8 


21.88 


8 


8 


34.37 


6 8 


46.87 


7 8 


9.77 




9 


22.27 


3 


9 


34.69 


6 9 


47.27 


7 9 


10.16 




10 


22.66 


8 


10 


36.16 


6 10 


47.66 


7 10 


10.55 




11 


23.05 


3 


11 


35.55 


6 11 


48.06 


7 11 


10.94 




12 


23.44 


3 


12 


35.94 


6 12 


48.44 


7 12 


]1.33 




13 


23.83 


8 


13 


36.33 


5 18 


48.88 


7 18 


11.72 




14 


24.22 


3 


14 


36.71 


6 14 


49.22 


7 14 1 


12.10 




15 


24.61 


3 


15 


37.11 


6 16 


49.61 


7 16 ! 


12.60 


2 





25.00 


4 





37.60 


6 


50.00 


8 , 



Application of the Table, 

The Chinese Packfong, similar to our German silver, accord 
ing to Dr. Fyfe's analysis, page 108, is said to consist of — 



40.4 parts of Copper 
25.4 — Zinc 
31.6 — Nickel 
2.6 — Iron 



equivalent to 



6 oz. 7 drams, full. 



4 — 1 

5 — 1 

7 



— full. 

— nearly 

— nearly 



lOO.O Parta 



I60Z.O — Avd. 
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Keller's statue composition. 

The brothers Keller, who were very celebrated 
statue founders, used an alloy, 10,000 parts of which 
contained 9140 parts of copper, 714 parts tin, 118 
parts zinc, and 28 parts lead. This is the composi 
tion of the statue of Louis XIV., which was cast 
at a single jet, by Balthazar Keller, in 1669. It is 
twenty-one feet high, and weighs 63,263 French 
*)ounds. These statues are usually miscalled bronze. 

The best brass consists of four parts of copper to 
one part of zinc. 

Bronze was well known to the Romans under the 
name of " orichalcum,''' who took advantage of its 
resemblance to gold, in robbing the temples and 
other public places of that precious metal, i^hus 
Julius Csesar robbed the Capitol of 3000 poundf« 
weight of gold ; and Vitellius despoiled the oemplee 
uf their gifts and ornaments, and replaced chom 
with this inferior metiij 
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THE CHINESE PACKFONQ,* 

According to Dr. Fjfe's analysis, is said to con- 
sist of 



40.4 parts of copper^ 
25.4 " zinc I equiva- 
81.6 " nickel | lent to 
2.6 « iron 



r6 oz. 7 dr. full. 

4 oz. 1 dr. full. 

5 oz. 1 dr. nearly 
7 dr. nearly. 



LOO.O parts. 



16 oz. dr. 



COPPER. 



Copper, when mixed with as much zinc as possi- 
ble, that is 89 pounds copper to 100 pounds zinc, 
becomes white. The best ^' Goslar zinc" is from the 
Hartz, Germany. 



* Similar to our German siiTer. 
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SILVER STEEL. 



1 part silver, 500 parts steel, according to Fara- 
day and Stodan. This alloy would be superior to 
the best steel. Steel also combines with otner 
metals, such as nickel, platinum, manganese, &c. 



COPPER AND ANTIMONT. 



75 parts copper, and 25 parts antimony. This 
cilloy is brittle, lamellated, of a violet colour, sus- 
ceptible of a fine polish, and is more fusible than 
copper. 



ANTIMONT AND TIN, COPPER AND BISMUTH. 

100 parts of tin, 8 parts of antimony, 4 parts of 
copper, and 1 part of bismuth, constitute the com 
pound commonly called pewter. 
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BISMUTH AND LEAD. 

1 part of bismuth, and 1 part of lead, a very te* 
aacious alloy, melting at 165° Centigrade, equiva- 
lent to 370° Fahrenheit. 

2 parts of lead to 1 part of bismuth, gives aD 
alloy which dilates powerfully at the time of cooling. 
(This property makes it extremely suitable to all 
castings in which the greatest sharpness and fikisb 
are desirable. — H. Meigs.) 



FULL MEASURE OF CAPACITY OF TIN AND LEAD 

82 parts tin, and 18 parts lead. 



BRILLIANTS OF FAHLUN, 

Thus called, are made from 29 parts of tin, ano 
19 parts of lead A very fusible and brilliant alloy. 
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queen's metal, 

Imitating silver, has great metallic lustre: 9 
parts tin, l^pSrt lead, 1 part antimony, and 1 part 
bismuth. 



TIN AND ZINC. 



1 part tin, and 1 part zinc, is almost as tenacious 
as brass, and melts at 460® to 500° Centigrade, 
900° Fahrenheit. 



TIN AND IRON. 



These two metals may be alloyed in all propor- 
tions. 35 parts of tin to 65 parts of iron, form an 
alloy of a clear crystalline gray, and so brittlo thav 
it may be r^iM^ed to an impalpable powder. 



14 
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TO SILVER COPPER. 

Preoipitatb silver from its nitric solution by the 
immersion of polished plates of copper. Take of 
this silver 20 grains, supertartrate of potass, 2 
drachms, common salt, 2 drachms, and of alum, 
half a drachm. Mix the whole well together. 

Then take the article to be silvered, clean it well, 
and rub some of the mixture, previously a little 
moistened, upon its surface. The silver surface may 
be polished with a piece of soft leather. 

The dial-plates of clocks, scales of barometers, 
Ac, are plated thus. 



MOSAIC GOLD (oT molu)j 

Mat be thus made : take copper and zinc, equal 
parts; mix them together at the lowest possible 
temperature at which copper will fuse, and stii 
until a perfect mixture of the metals is effected. 
Then add gradually small portions of zinc at a time, 
until the alloy acquires a proper colour, which ie 
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perfectly white while m the melted state. It should 
then at once be cast into figured moulds. This 
alloy should contain from 52 to 55 per cent, of zinc. 



TO BRONZB BRASS, ETC. 

To 6 pounds of muriatic acid, add 2 pounds of 
oxide of iron, and 1 pound of yellow arsenic. Mix 
all well together, and let it stand for two days, fre- 
quently shaking it in the mean time, when it is fit 
for use. 

Whatever may be the article which requires 
bronzing, let it be perfectly cleaned, and free from 
grease ; immerse it in the above solution, and let it 
stand for three hours, or rather till it will turn en- 
turely black. Then wash the spirits ofi*, and dry it 
in sawdust, which has been found the best. 

After the article is perfectly dry, apply to it some 
wet black, the same as used for stones, and then 
nolish it with some dry black-lead and a brush, and 
it is ready for lacquering. 
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LACQUERS. 

Lacquers are used upon polished metals and wood, 
to impart the appearance of gold. As they are want- 
ed of different depths and shades of colours, it is best 
to keep a concentrated solution of each colouring 
ingredient ready, so that it may at any time be 
added to produce any desired tint. 

1. Deep Q-old-coloured Lacquer. — Seed lac, three 
ounces; turmeric, one ounce; dragon's blood, a 
quarter of an ounce ; alcohol, one pint. Digest for 
a week, frequently shaking. Decant and filter. 

2. Gold-coloured Lacquer. — Ground turmeric, 
one pound ; gamboge, an ounce and a half ; gum- 
sandarach, three pounds and a half ; shell lac, three- 
quarters of a pound (all in powder) ; rectified spirits 
of wine, two gallons. Dissolve, strain, and add one 
pint of turpentine varnish. 

3. Red-coloured Lacquer. — Spanish anatto, three 
pounds ; dragon's blood, one pound ; gum-sandarach, 
three pounds and a quarter; rectified spirits, two 
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gallons; turpentine varnish, one quart. Dissolve 
and mix as the last. 

• 

• 4. Pale Brass-coloured Lacquer. — Gamboge, cut 
Bmall, one ounce ; cape aloes, ditto, three ounces ; 
pale shell lac, one pound ; rectified spirits, two gal- 
lons. Dissolve and mix as No. 2. 

5. Seed lac, dragon's blood, anatto, and gamboge, 
of each a quarter of a pound ; saffron, one ounce ; 
rectified spirits of wine, ten pints. Dissolve and 
mix as No. 2. 



The following receipts make most excellent lac- 
quers. 

1. G^old Lacquer, — ^Put into a clean four-gallon 
tin 1 pound of ground turmeric, IJ ounces of 
powdered gamboge, 3J ounces of powdered gum-san- 
darach, f of a pound of shell lac, and 2 gallons of 
spirits of wine. After being agitated, dissolved, and 
strained, add one pint of turpentine varnish, well 
mixed. 

2. Med Lacquer,- -2 gallons of spirits of wine, 
1 pound of d-agon's blood, 3 pounds of Spanish 



214 BRASS AND IRON FOUNDER. 

anatto, 3^ pounds of gum-sandarach, 2 pints of tur- 
pentine. Made as No. 1 lacquer. 

8. Pale Brass Lacquer. — 2 gallons of spirits of 
wine, 8 ounces of cape aloes cut small, 1 pound of 
fine pale shell lac, 1 ounce of gamboge cut small, 
no turpentine varnish. Made exactly as before. 

But observe, that those who make lacquers, fre- 
quently want some paler, and some darker, and 
sometimes inclining more to the particular tint of 
certain of the component ingredients. Therefore, 
if a four-ounce phial of a strong solution of each 
ingredient be prepared, a lacquer of any tint can 
be procured at any time. 

4. Pale Tin Lacquer. — Strongest alcohol, 4 
ounces; powdered turmeric, 2 drachms; hay saf- 
fron, 1 scruple ; dragon's blood in powder, 2 scru- 
ples ; red saunders, J scruple. Infuse this mixture 
in the cold for 48 hours, pour oflf the clear, and 
strain the rest; then add powdered shell lac, \ 
ounce ; sandarach, 1 drachm ; mastic, 1 drachm ; 
Canada balsam, 1 drachm. Dissolve this in the 
cold by frequent agitation, laying the bottle on its 
side, to present a greater surface to the alcohol. 
When dissolved, add 40 drops of spirits of tur- 
pentine. 



LACQDER AND BROBZB LIQUID. 

5. Another Deep Gold Lacquer. — Strongest alco- 
hol, 4 ounces ; Spanish anatto, 8 grains ; powdered 
turmeric, 2 drachms; red saunders, 12 grains. In- 
fuse and add shell lac, &c., as to the pale tin kc- 
i^ucr; and when dissolved add 30 drops of spirits 
of turpentine. 

N. B. Lacquer should always stand till it is quite 
Gse, before it is used. 



GRKEN BRONZE LIQDID. 

Take one quart of strong "vinegar, half an ounce 
of mineral green, half an ounce of raw umber, half 
an ounce of sal-ammoniac, lialf an ounce of gnm 
arabic, two ounces of French herriea, half an ounce 
uf copperas, and about three ounces of green oata, 
if these can be procured, although, if they cannot, 
the preparation will succeed perfectly well without 
them. Dissolve the whole in a strong earthen ves- 
sel, adding the berries and the oats, over a gentle 
fire ; bring the compound to boil, then allow it to 
cool, and run it through a flannel bag, when the 
bronze will be ready for use. 




4 
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TO SILVER IVORY. 

Immerse a slip of ivory in a weak solution of 
liitrate of silver, and let it remain until the solution 
has imparted to it a deep yellow colour. Then take 
it out, and immerse it in a tumbler of clear water, 
and expose it in the water to the rays of the sun. 
After it has been exposed thus for about three hours, 
the ivory acquires a black colour, which on being 
burnished soon becomes a brilliant silver one. 



V 



ZINCING. 

Copper and brass vessels may be covered with a 
firmly adherent layer of pure zinc, by boiling them 
in contact with a solution of chloride of zinc, pure 
zinc turnings being at the same time present in con- 
siderable excess. The same object may be attained 
by means of zinc, and a solution of sal-ammoniac. 
or caustic potassa. 
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TABLB I. — MBTAL PLATES, 




This table shows the weight of a square foot 




of different metal plates, of thicknesses of one six- 




teenth of an inch to one inch, advancing by a 






sixteenth : — 






m- 


Wr.d<ht 


Out 


Cu, 


Out c™. ] Om> 


Cut 


CmI 




Mnlbi. 


trod. 


Iran, 


Oppw. 


='"• 


'-" ^'°° 




SILvu. 
























1 


2.5 


2.3 


2,0 


2,7 


8.7 


2,3 


2.4 


3.4 






2 


5.1 


4.7 


6,7 


6.5 


7.4 


4.7 


4,7 


6.8 






3 


7.6 


7.0 


8.6 


8.3 


11.1 


7.0 


7.1 


10.2 






i 


10.1 


0.4 


11.4 


11.0 


14.8 


9.4 


9.6 


13.6 






b 


12.7 


11.7 


14.3 


13.7 


18.5 


11.7 


11,9 


17.0 








16.2 


14.0 


17.2 


16.4 


22,2 


14.0 


14.2 


20.6 






7 




16.4 


20.0 


19,2 


25.9 


16.4 


10.6 


23.9 






S 


20'3 


18.8 


22.9 


21.9 


29,6 


18.7 


10.0 


27.3 






9 


22.8 


21.1 


25,7 


24.0 


38.2 


21.1 


21.4 


30.7 






10 


25.4 


23,5 


28,6 


27.4 


36,9 


28.4 


23.7 


84.1 








27.9 


26.8 


31.4 


80.1 


40.6 


25.7 


26.1 


87.6 






12 


B0,4 


28. 1 


34.3 


82.9 


44.3 


28,1 


28.5 


40.9 






18 


32.3 


30.5 


87.2 


36.6 


48.0 


80.4 


30.9 


44.3 






14 


35.5 


32,0 


40,0 


38.3 


51.7 


32.8 


33.2 


47.7 






15 


3S.0 


35.2 


42.9 


41.2 


55.4 


85.1 


85.6 


61.1 






16 


40.6 


87,6 


45.8 


48.0 


69,1 


37.5 


88.0 


54.6 






TABLE n. CAST HETAL BALLS. 






I*—*.. 


Ir-^-O. 


0»pp«,-JJ^ 


b™.-^.. 


i™o.-o. 




A 


\ 


^ 


A 






1.1 


1.8 


1.3 


1.7 








8.7 


4.6 


4.8 


5.8 








8.7 


10.7 


10.2 


13.8 








17.0 


20. B 


ia.0 


26.9 








29.6 


85.0 


34,3 


46.4 








46.8 


57.1 


54,6 


73.7 






8 B9.8 


85,2 


81.4 


110.1 






e 1 09.4 


121,3 


115.9 


156.7 




1 10 1 136.4 


166.4 


159.0 ' 215.0 




^^^ 


^ 
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TABLE lU. — CAST IBON PIPES. 

This table shows the weight of cast iron pipes 
1 foot loDg, of bores from 1 inch to 12 inches diam- 
eter, advancing by ^ of an inch ; and of thicknesses 
from \ inch to 1^ inch, advancing by ^ of an inch. 



Ban. 


'A 


?j 


H 


^ 


H 


3^ 


1 


VA 


1'4 ( 


T 


15 


0.. 


s 


mo 


iB 


S 


"i" 


~E 


If 




i. 














EO.fl 




a^ 


bj, 


si 


lai 


10.1 


1&.4 


ii? 


^i 




sbIb 






«> 












373 






e: 


10.8 


14.1 










40.0 




^ 


*. 


11.6 


ISJ) 


±i:i 


?!i! 


813 


wJ 




49! 

62.2 


% 


«J1 


IB^.3 


196 


45.8 


29JS 




S;i 


6IJ 


66.2 






iwi 


alia 


a&!» 


33.1 














16.1 




2».4 


W.0 








64. 








te,4 


3(IJ) 


3a.9 




»,0 








-u.: 






SI.* 






GLO 














ss.u 


4u!e 














lais 


27.1 


















a..Y 


%, 


U6.1 
















4L.a 






4Q.0 


61.S 






82. 




u 






3U.1 


47.fl 


















W.7 














1 '. 
























ii. 












9611 






26.'J 


3&. 




^,2 










'A 


\ : 


STJJ 


ae. 


4fi.B 
4S.1 


i(V8 


noi 


rsj 


ffi 


1013 
104.3 


S 






M. 










96.3 




K 


i»! 




M.6 




esCa 












20, 


^^ 


41. 














J 


22. 


31.1 


4SJ) 

It 


ftU 


tas 


60,8 


e3.B 


106.6 


llS 
















BBil! 








2X 


3&!l 










lUO.B 








2i. 




49. 
















21.6 


37,3 






li.3 








1S6J) 






SS.Z 




«.,2 






106.0 


1M.8 


IMJ 


10 li 




39.1 
















il 


M 




m! 


«a.s 


It? 


wis 


liA 


imia 


iItI 




A,e 




hi. 


iia 










160.3 


lij< 


«.a 


4aA 


6T. 


12.9 






263 




m4 


■I 


W.5 


MJI 


68. 
BO. 


Ti.4 


*iO 


1^ 


m 


i«^ 




\I* 








11J, 




""■^ 


12T.B 


14BJ) 
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TABLE VI. — SPECIFIC COHESION AND STRENQTH Of 

METALS. 

In the following table of specific cohesion^ the co- 
hesion of plate glass is assumed as unity. If any 
of the numbers in this table be multiplied by 9240, 
the product will express the force in pounds, which 
would tear asunder a bar of the corresponding ma- 
terial, of one inch square of transverse section. 
Thus, the specific cohesion of steel, razor temper, is 
15.927 ; whence the extreme cohesion of a bar one 
inch square is 15.927 X 9240 = 147,165.48 pounds. 



Antimony, cast 
Bismuth, cast 
Copper, wire 

cast, Barbary 
** Japan 



u 



u 



Gold, wire . 

^' cast 
Iron, wire 

" bar 

" " best quality 

** " German, B R 



Specific cohesion. 

0.118 

0.845 to 0.819 

6.606 

.2.896 

2.162 

3.279 

2.171 

12.004 to 9.108 

8.964 to 5.889 

7.006 

9.880 to 6.514 
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Iron, bar, Swedish, L 
" " Liege 
" " German, L 
•' " Spanish . 
** " Oosement 
" " fine grained 
" " medium fineness 
" ** coarse grained 
" cast, French . 
" " German 
' " English 

Lead, milled .. 
" wire 
" cast, English 

Platinum, wire 

Silver, wire . 
" cast . 

Steel, razor temper 
" soft . 

Tin, wire 

" cast, English block 
" « Banca . 
" " Malacca . 

Zinc, wire 
" patent sheet . 
" cast, Goslar . 



Specific cohesion 

9.445 to 7.296 

8.794 to 6.621 

9.119 to 7.382 
8.685 

8.142 to 7.296 
5.806 
3.618 
2.172 

7.470 to 4.000 
7.250 

5.520 to 4.334 
0.354 

0.334 to 0.270 
0.094 

6.995 to 5.625 

4.090 

4.342 

. 15.927 

. 12.739 

. ■ 0.757 

0.706 to 0.566 
0.391 
0.342 
2.394 
1.762 

0.312 to 0.286 
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TABLB VU. — DIRBOT COHESION OF MB7 iUitt. 

The numbers in this table of experiments express 
the direct cohesion of bars one inch square in tons, 
of 2240 pounds. 

Tons. llM 

Iron bar, cast horizontally • • 8 32 

" " vertically . . 8 69 

Cast steel, previously tilted • • 59 98 

Blistered steel, reduced by hammer 59 43 

Shear " " " 66 97 

Swedish iron " " 82 15 

English " " " 24 93 

Hard gun metal • • • • 16 28 
Wrought copper, reduced by hammer 15 8 

Cast " '' " 8 51 

Fine yellow brass • • • • 8 01 

Cast tin 2 11 

Cast lead 81 

Wrought iron, mean of 26 experiments, 

Brunei 31 20 

« " 9 Brown 29 26 

" , " 8 Telford 25 00 

Iron cable, << 13 Brown 21 26 



SBSISTANCB 0^ MJBTAL8. 



223 



TiBLB Vni. — ^RESISTANCE OF METALS TO PKB88VEB. 

In this table of experiments the number of pounds 
are the weights required to cruish cubes of one-quar- 
ter inch in the edge. 





Ihfl. 


Iron, cast vertically 


11136 


" " horizontally . 


10114 


Copper, cast 


7318 


" wrought . 


6440 


Brass • • • • , 


10304 


Tin, cast • • • , 


966 


Lead, cast • • • « 


483 



TABLB IX. — ^RESISTANCE OF ICETALS TO TORSION. 

This table of experiments by Brandreth, exhibits 
only the relative resistance to torsion^ that of lead 
being assumed as unity. 
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Ib3. 


Cast steel 19.56 


Shear steel • 


» « 


4 
> 


» 


17.06 


Blister steel . 


> « 


) 4 


» i 


16.69 


English iron • , 


> < 


» < 


t * 


10.13 


Swedish iron 


• 


a 


* • 


9.50 


Hard gun metal 


• < 


» ( 


» i 


6.00 


Fine yellow brass 


» ( 


» < 


» < 


4.69 


Copper . 


» 1 


» 1 


• < 


4.81 


Tin . . . 


■ < 


» < 


• < 


1.44 


Lead 


• 


• 


> * 


1.00 



GOLD AND SILVER SOLDBBS. 

ffard Solder for Gold is prepared from gold and 
silver, or from gold and copper, or from gold, silver, 
and copper. 

Qold Solder. — 66.6 parts of gold, 16.7 parts of 
silver, and 16.7 parts of copper. 



Hard Solder for Silver. — Equal parts of silver 
and brass ; but made easier of fusion by the admix* 
ture of one-sixteenth of zinc. 
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Another Silver Solder. — 19 parts fine silver, 1 
part copper, 10 parts brass. 

Another Silver Solder. — 66.6 parts silver, 80.4 
parts copper, 3.4 parts brass. 



BRASS SOLDER. 

Brass mixed with a sixth, an eighth, or even one- 
half of zinc. 

Another Brass Solder. — 12 pounds copper, and 
11 pounds of zinc. 



METHOD OF SOLDERING GOLD AND SILVER. 

After the solder is cast into an ingot, it would 
be more ready for use if you were to draw it into 
small wire, or flat it between two rollers. After 
that cut it into little bits, then join your work 
together with fine soft iron wire, and with a camel's- 
hair pencil dipped in borax, finely powdered v^A 

16 
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wdl moistened with water, touch the joint intended 
to be soldered, placing a little solder on the joinl. 
Apply it on a large piece of charcoal, and with a 
blow-ppe snd lamp blow upon it through the flame 
until it melts the solder, and it is done. 



TO OLBAKSB SILYBB AFTBB IT IS SOLDBREB. 

Makb it just red hot, and let it cool ; then boil 
it in alum water, in an earthen vessel, and it wiU 
De as clean as when new. 



TO OLBANSB GOLD AFTBR IT IS SOLDBRBD. 

Put it through the same process as silver, but, 
instead of alum-water, boil it in wine and sal-ammo- 
niac. 



SniYBR-SOLDBR FOR JBWELLBRS. 

19 dwts. of fine silver, 1 dwt. of copper, and 10 
dwts. of bnuBB. 
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TRIKEBT COMPOSITION. 

75 parts gold, 25 parts copper, and a little silver 



SILYBR-PLATB AlTD KEDAL ALLOY. 

95 parts silver, and 5 parts of copper. 



eOLD COIN OF AMERICA ALLOY. 

90 parts gold, 2.5 silver, and 7.5 copper. 



SOLDER FOR IRON. 



NoTHINe here is necessary but good tough brass, 
with borax, applied, mixed with water to the eon 
sistenoe of cream. 
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AUTOGENOUS SOLDERING. 

Autogenous soldering takes place by the fusion of 
the two edges of metals themselves without interpos- 
ing another metallic alloy as a bond of union. This 
is accomplished by directing a jet of burning hydro- 
gen gas from a blow-pipe provided with a Baniell's 
cock upon the surfaces or edges to be soldered to- 
gether. The hydrogen gas is developed by the 
action of hydrochloric (muriatic) acid upon zinc shav- 
ings, the generated gas being collected in strong 
vessels or bags of stout canvas, made gas-proof by 
several coats of rubber varnish. The Darnell's cock 
is so arranged that the gas is mixed with atmospheric 
oxygen only at the place where it is to be burnt, thus 
avoiding all danger of explosions. In soldering by 
the autogenous process, the works are first prepared 
and scraped clean as usual. The hydrogen gas is 
then ignited, and after regulating the flame, air is ad- 
mitted until the flame assumes a fine pointed charac- 
ter, with which the work is united. This method of 
soldering is occasionally employed in making small 
additions to old castings, and also in repairing trifling 
holes and defects in new ones. 
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SOFT SOLDERS. 

Tin and lead in equal parts. Easier of fusioc 
Btill is tin, lead, and bismuth, in equal parts ; or 
one or two bismuth, one lead, and one tin, easiei 
still. 

For soft soldering brass, tin-foil makes a fino 
juncture, applied between the joints, care being 
taken to avoid too much heat. This is most excellent 
for fine brass work. The tin-foil must be moistened 
in a strong solution of sal-ammoniac. 



A SOLDER FOR LEAD. 

2 parts lead and 1 part tin. Its goodness is tried 
by melting it and pouring the bigness of a dollar 
piece upon the table ; for if it be good there will yrise 
little bright spots in it. Apply rosin when ypv use 
the solder. 



230 BRASS AND IRON FOUNDER. 



plumbbr's solder. 



1 part bismuth, 5 parts lead, and 3 parts tin, 
forms a compound of great importance in the arts. 



COMPOSITIONS OF PEWTER. 

1. 100 parts tin, 17 parts of antimony ; the French 
add a little copper. 

2. 12 pounds of tin, 1 pound of antimony, 4 
ounces of copper. 

3. 7 pounds of tin, 1 pound of lead, 6 ounces cop- 
per, 2 ounces zinc. Melt the copper first. 



WHITB METAL. 



10 ounces lead, 6 ounces bismuth, and 4 drachms 
of antimony; or, 2 pounds of antimony, 8 ounces of 
brass, and 10 ounces of tin. 



^1^ 
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MOflAIO MIXTUKB. 



a 



Equal parts of tin, bismuth, and mercury, forms 
metal used for various ornamental purposes. 



BILYBBY-LOOEINO METAL. 



A VERY fine silvery-looking metal is made from 
100 parts tin, 8 parts antimony, 1 part bismuth, %nd 
4 parts copper. 



MSTAL VOB FLUTB YALYB KXTCL 

4 ounces of lead and 2 ounces of antimony. 



eBRHAH TITAinUM. 



^^'^Strn^ S draehms of copper, 1 ounce of antimony, and 



12 ounces of tin. 
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SPANISH TTTANIUM. 

8 ounces of scrap iron or steel, 1 pound ( 
mony, and 3 ounces of nitre. 

The iron or steel must be heated to wh 
and the antimony and nitre added in small p 
Two ounces of this compound are sufficient to 
one pound of tin. 



BRITANNIA METAL. 



4 ounces of plate brass, 4 ounces of tin 
fused add 4 ounces of bismuth, and 4 ounces 
timony. This composition is added at discr< 
melted tin. 



COLUMBIA METAL. 



4i pounds of tin, J pound of bismuth, J pc 

Ijjuiony, and J pound of lead; or, 100 poi 

8 pounds of antimony, 1 pound of bismu 
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antimony, 25 pounds of lead, and 5 pv^anis of iron 
Many add tin, copper, and brass ; while some make 
their types from 8 parts lead, to 1 of antimony. 



aBRMAN SILYBR. 

1. 25 parts nickel, 20 parts zinc, and 60 parte 
copper. If for casting add 3 parts of lead. 

2. 16 parts copper, 8 parts zinc, and 8} parts 
nickel. 

3. 8 parts of copper, 8} parts of zinc, and 2 parts 
of nickel. 

4. 28 parts copper, 18 parts zinc, and 7^ parts 
nickel. 

5. Copper, 8 parts; zinc, 8^ parts; nickel 8 

parts. 

This last is a very beautiful compound. It has 
the appearance of silver a little below standard. By 
sbme persons it is even preferred to the more ex- 
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[vensive compound. Manufacturers are strouglj re- 
eommended not to use a metal inferior to this. 



8PB0ULUM METAL. 

1. Copper, 64 parts ; grain tin, 29 parts. Melt 
the metals separately, under a little black flux. In- 
corporate thoroughly by stirring with a wooden 
spatula ; then run the metal in the mould, so that 
the face of the intended mirror may be downwards. 

2. Copper, 32 parts ; tin, 14 parts ; arsenic, 2 
parts. A very good metal. 

3. Copper, 82 parts ; tin, 13^ parts ; arsenic, 1) 
parts. 

4. Copper, 32 parts; tin, 15 parts; arsenic, 2 
parts. Better than 2 and 3. 

6. Copper, 32 parts; tin, 15 parts ; brass, 1 part; 
sJver, 1 part; arsenic, 1 part. A most excellent 
metal, and Dy far the whitest, hardest, and most re- 
dective metal I have ever yet met with. 
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6. Copper, 6 parts; tin, 2 parts; arsenic, 1 part 
Sir Isaac Newton's mixture. It is a compact metal 
enough, but very yellow when polished. 

7. Copper, 3 parts ; tin, 1| parts. Compact, and 
whiter than the last. 

8. Brass, 6 parts ; tin, 1 part. Compact, but too 
yellow. 

9. 2 parts of 7th composition, and 1 part of 8tb. 
Compact, but much too yellow when polished. 7. 
8, and 9, are experiments by Professor Molyneux, 
F. R. S. 

10. Copper, 32 parts; tin, 2 parts; arsenic, 1 
part. A pretty good metal, but polishes too yellow 
Professor Mudge's composition. 
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REMARKS. 

In melting arsenic, nitre is a good flux for fixing 
it with other metals. 

In using iron filings in your compositions, use 
corrosive sublimate (viz. chloride of mercury) for 
fixing it. 

Powdered flint glass also makes a most excellent 
flux for copper, tin, and arsenic. 

No. 5. This metal, when broken, should appear 
of a bright, glassy, and quicksilver complexion. If 
it appears hard and of a dead white, more tin must 
be added. The copper will sometimes take sixteen 
ounces of tin, if it is very pure. If it appears bluish 
and rough, more copper or brass must be added. 

It is somewhat singular that arsenic, though par 
ticularly recommended by Sir Isaac Newton, Di. 
Olynthus Gregory, and others, for giving homo- 
geneity to metallic compositions, should be so hastily 
thrown aside by the founders. This imprudent dis- 
use of it, I can only attribute to the disagreeable 
fumes or vapours, which arise when it is introduced 
mto the crucible, to the melted mixture, which may 
oroduce disagreeable effects upon the operators, if 
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proper care be not taken to prevent tnem from 
being received into the lungs. All the precaution 
necessary, is to bruise the arsenic coarsely, and in- 
troduce it into the crucible with a pair of tongs, 
having tied it up in a piece of paper, giving it then 
a stir with a wooden spatula made of birch, during 
which time retaining your breath — ^avoid it till you 
can see no more vapours arise from the crucible, 
when the metal will be ready to pour. 

The common black flux is made of two parts of 
tartar, and one of nitre. 

I have always found from adding a small quantity 
of arsenic, viz., from one-half ounce to one ounce to 
the pound of metal, that it would considerably im- 
prove even porous metal, and make it harder, like- 
wise, as well as whiter. 

In making speculums, the casting should be taken 
from the mould red-hot, and put into a quantity of 
hot ashes to anneal it, or else it will break in the 
sand. Let it remain in the ashes till the whole be- 
comes cold. 

Professor Nevil Masculyne, speaking of arsenic, 
says — ^I have been assured by two ingenious experi- 
mental philosophers that the fumes of arsenic, even 
when the garlic smell is very strong, are not in th« 
least prejudicial to the lungs. 
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A careful study of the above remarks will be of 
inestimable advantage to the practical brass founder, 
saving him both loss of work, as well as loss of time. 



PLATINA. 

Mirrors for telescopes, &c., are made of pla- 
tina, of exquisite beauty. The Spaniards are in the 
habit of mixing it with iron, in order to form gun- 
barrels, which are said never to rust, and which are 
much stronger than iron barrels alone, as it gives to 
the iron a remarkable toughness. It forms a valu- 
able coating for copper and iron, and may hereafter 
become precious for the formation of coins and 
medah. 

Platina, in its malleable state, may be cut with a 
knife ; but with steel it forms an alloy not to be 
touched with a file. 

The nitro-muriatic acid is the proper solvent foi 
piatina. 
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ON THE PROPERTIES OF ARSENIC. 

Arsenic is a brittle metal, and, in the recent frac- 
ture, of a lively bright colour, between tin-white 
and lead-gray ; but on exposure to the air it soon 
loses its metallic lustre, and turns prismatic, dull, 
and at last black. Its specific gravity is, according 
to Professor Mudge, between 8.310 and 5.763, ac- 
cording to its texture. 

Its hardness surpasses that of copper, but its 
ductility is so little, and it brittleness so great, that 
it is readily converted into a powder by the hammer. 
It is entirely volatilized when heated to 356° Fahr, 
It sublimes in close vessels, and then crystallizes in 
tetrahedra, or octahedra. When heated with the 
excess of air. it emits a strong smell of garlic, and 
burns with a bluish white flame. It combines with 
sulphur by fusion. It unites to phosphorus, and 
combines with most of the metals 

Besides giving a white colour to copper, it renders 
many of the ductile metals brittle. When mixed 
with hyper-oxygenated muriate of potash, it deto- 
nates strongly by the stroke of a hammer. It is 
soluble in hydrog'*^ gas by heat. It does not decom- 
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pose water alone; it decomposes sulphuric acid by 
heat. The nitric and nitroua acid oxidate it rapidly. 
The muriatic acid attacks it with beut. The oxy- 
genated muriatic acid (now termed chlorine), when 
in a gaseous state, inflames it instantly. It ia nearly 
unalterable by tbe fluoric, boracic, phosphoric, and 
carbonic acids. It unites with alkaline sulphurets 
and hydro-Bulphurets. It is a deadly poison. 

If you insert a little arsenic, reduced to fine 
powder, between two polished plates of copper, and 
bind closely together with iron wire, and heat ihem, 
the inner surfaces of the copper plates will be ren^ 
dered white by the arsenic. 

Experiment No. 1, Experimental proofs of the 
■properties of arsenic. Arsenic bums and it vola- 
tilized by heat. — Introduce into a. crucible, made 
red-hot in a coal fire, a small quantity of arsenic, 
tnd it will begin to burn and become volatilized. 
If this crucible be covered with another, and the 
joinings luted with clay, the arsenic will be found 
in the upper one in brilliant crystals. 



hxperintent No. 2. — The union of arsenic with 
sopper may likewise be eficctcd by fusing 1 part of 
kraenic with 4 of copper, in a common crucible. 
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The alloy produced is a white metal. It is neces- 
Barj in this experiment to cover the substances in 
the crucible with common salt, to prevent the action 
of the air. 



FONTAINEMOREAU'S NEW ALLOTS OF ZING, A SUB- 
STITUTE FOR BRONZE, OOPPER, AND BRASS. 

An invention of a new alloy of zinc, with small 
proportions of other metals, found to possess very 
peculiar advantages, has lately been introduced into 
England, where it has been patented in the name 
of M. Pontainemoreau. It is likely to prove of 
great utility in the manufacture of machinery, and 
in castings relating to the fine arts. As a substi- 
tute for copper and bronze it already bids fair to be 
extensively adopted. 

The proportions of metals which have been found 
most advantageous in forming varieties of the alloy, 
after very numerous and extensive experiments, are 
as follows : — 

No. 1. Zinc, 90 parts; copper, 8 parts; cast iron, 
I part; lead, 1 part; 100 parts. 
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, Load, 1 



No. 2. Zinc, 91 parts; copper, 8 pnrts 
part J 100 parts. 

No, 3. Zinc, 92 parts ; copper, 8 parts ; 100 
parts. 

No. 4. Zinc, 99 parts ; copper, 1 part ; 100 parts. 

No. 5. Zinc, 97 parts ; copper, 2^ parts ; cast 
iron, J part ; 100 parts. 

No. 6. Zinc, 97 parts ; copper, 3 parts ; 100 
parts. 

No. 7. Zinc, 99J parts; cast iron, J part; 100 

No. 8. Zinc, 91| parts; copper, 8 parts; cast 
iron, ^ part ; 100 parts. 



The proportions stated of any of these metala 
may be slightly varied, so long as by such variatioc 
the alloy is not made too brittle, or too soft. For 
instance, the proportion of copper may he varied 
from about 1 part to about 12 parts, in every hun- 
dred ; but any greater proportion of copper than 
this, and less thon that used in forming common 
brass, would make the alloy brittle. The propor- 
tion of cast iron may be varied from about one- 
quarter of a part, to about two parts in evrf hun- 
dred. The proportion of lead may be varied from 
about one, to about twentj-four parts in ever} him- 




I 
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died parts : bat the presence of some third metal ia 
necessary to produce a proper combination of the 
zinc and lead. Instead of pure copper, or any other 
of the simple metals before to be used, brass, or the 
other alloys formed of these metals, may be used. 
But where this is done, the quantity of copper and 
the simple metals contained in such alloys must be 
taken into account in calculating the relative pro* 
portions of simple metals which the new alloy is to 
contain in reference to the tables of component 
parts. 

The principal object of the addition of the small 
quantities of copper, cast iron, and lead to the larger 
proportions of zinc, is to change the manner of the 
crystallization of the zinc after it has been fused 
&nd set to cool. 

The new alloys are of a closer texture, more 
homogeneous, and malleable, than simple zinc, and 
some kinds of iron ; are less liable to oxidation, and 
of a much finer grain than zinc — somewhat resem- 
bling that of steel, especially when the alloys are 
rolled. They are also easier filed than either zinc, 
copper, or brass, and the filings do not stick in and 
clog the file. 

N. B. By casting the new alloys in metallic 
moulds, their hardnesa and homogeneity is increased, 
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antj a sort of temper is imparted to them, resembling 
or approaching to steel. 

For the purpose of renderiog the alloys which 
are of a ailvery-gray colour, perfectly suitable aa 
substitutes for copper, bronze, brass, and other 
metals, the colour proper to the metals of which 
they are intended to be substitutes, is imparted 
to them by means of any solution of copper. The 
hydrochlorate of copper is found to answer best — 

Firttly. — For giving the alloys a blackish -bronze 
colour, they are treated with a solution of the salt 
of copper, diluted with a considerable quantity of 
water, and a small quantity of nitric acid may be 
added. 

Secondly. — To impart a red or copper colour, add 
to the solution of salt of copper, liquid ammonia, 
and a little acetic acid. The salt of copper may 
be dissolved in the liquid ammonia. 

Thirdly. — To impart a brass, or antique bronze 
colour, either of the three following means may be 
adopted : 1. A solution of copper, with some acetic 
acid, 2. The means before described for copper 
colour, with a large proportion of liquid ammonia, 
3. Water acidulated with nitric acid, by which 
beautiful bluish shades may be produced. It must 
be observed, however, that this last process can only 



I 
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be properly employed on the alloys which contain a 
portion of copper. 

In either of these methods of colouring, a solution 
of sal-ammoniac may be substituted for the liquid 
ammonia. The quantities of each ingredient have 
not been stated, as these depend upon the nature of 
the alloy, the shade or hue desired, and the dura« 
bility required. 

The blackish-bronze colour may be superadded to 
the red or copper colour, whereby a beautiful light 
colour is produced on the prominent parts of the 
article bronzed, or on the parts from which the 
blackish-bronze colour may have been rubbed oflf. 

These new alloys may be used as substitutes for 
various metals now in general use, such as iron, in 
various parts of machinery ; iron, lead, tin, or cop- 
per, in pipes and tubes, and bronze, brass, and cop- 
per, in machinery and manufactories, as well %» for 
most of the other purposes for which more expensive 
metals are employed. 
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SOME MODERN BRONZBS. 

Aluminium bronze. Commercial pig copper al- 
most invariably contains more or less dissolved cu- 
prous oxide and occluded gases. The presence of 
these impurities tends to decrease the ductility of the 
metal, and their removal produces an astonishing in- 
crease in the tensile strength and general ductility. 

In this simple fact lies the secret of the excellent 
results obtained with the improved copper-alloys, 
known as aluminium bronze, phosphor bronze, man- 
ganese bronze, deoxidized copper, tempered copper, 
etc.* 

The alloys of aluminium with copper show very 
different properties, according to the quantities of 
aluminium they contain. Alloys containing but little 
copper cannot be used for industrial purposes. With 
60 to 70 per cent, of aluminium they are very brittle, 
glass hard and beautifully crystalline. With 50 per 
cent, the alloy is quite soft, but under 30 per cent, 
of aluminium the hardness returns. 

The usual alloys are those of 1, 2, 5 and 10 per 

*New AUoys by F. Lynwood Garrison, Journal of the Frank- 
lin Institute, Vol OXXXI. 
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cent, of aluminium, the best results being obtained 
with the latter. With small bars cast in sand, per- 
haps the best physical results obtained are : Elastic 
limit, 70,000 lbs. per square inch; tensile strength, 
95,000 lbs. per square inch, with about 10 per cent, 
elongation. With rolled bars much better results 
have been obtained, more particularly as regards 
elongation. The modulus of elasticity of aluminium 
bronze is about 18,000,000 lbs. ; specific gravity 
when cast about 7.56, when rolled about 7.89. 

The structure of aluminium bronze is close and 
dense. The melting point varies somewhat with the 
amount of aluminium contained in the bronze, the 
higher grades melting at a somewhat lower point than 
the lower grades. The color of the 10 per cent. 
bronze is bright golden. The metal keeps its polish 
in the air, may be easily engraved, and can be sol- 
dered with hard solder. 

In making aluminium copper alloys great attention 
must be paid to the quality of the copper used. 
Ordinary commercial copper may contain small 
amounts of antimony, arsenic or iron, which the 
aluminium can in no way remove, and which affect 
very injuriously the quality of the bronze. The 
aluminium bronzes seem to be extremely sensitive to 
the above metals, particularly to iron. This neces- 
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Bitates the employment of the purest copper ; electro- 
lytic copper U aometimea used when not too big 
prioL'd, but Lake Superior copper ia generally found 
Batisfaclory enough. Even tbe purest copper may 
contain diaaolvod cuproua oxide or occluded gaaea, 
and it ia one of the functiona of aluminium to reduce 
these oxides and gases, forming slag, which risca to 
the aurface, and leaving the bronze free from their 
influences. If tin occurs in the copper it lowera very 
greatly the ductility and strength of the bronzes, but 
zinc is not so harmful. 

Care should also be taken as to the purity of the 
aluminium used, though its impurities are not so 
harmful as they would be if occurring in similar per- 
oontage in copper, since so much more copper than 
aluminium is used in these alloys. Yet the bronsos 
are so sensitive to tbe presence of iron that an 
aluminium with as small a percentage of this metal 
aa possible should be used. The silicon in com- 
mercial aluminium is not so harmful aa the iron, but 
it does harden the bronze considerably and increases 
its tensile strength. The purest aluminium alloyed 
with the purest copper always produces the highest 
quality of bronze. 

For preparing the bronzes the following directions 
are given: Melt the copper iu a plumbago crucible 
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and heat it somewhat hotter than its melting point 
When quite fluid and the surface clean, sticks of 
aluminium of a suitable size are taken in tongs and 
pushed down under the surface, thus protecting the 
aluminium from oxidation. The first effect is nee- 

ft 

essarily to chill the copper more or less in contact 
with the aluminium, but if the copper was at a good 
neat to start with, the chilled part is speedily dis- 
solved and the aluminium attacked. The chemical 
action of the aluminium is then shown by a rise of 
temperature which may even reach a white heat 
Considerable commotion may take place at first, but 
this gradually subsides. When the required alum- 
inium has been introduced, the bronze is let stand 
for a few minutes and then well stirred, taking care 
not to rub or scrape the sides of the crucible. By 
the stirring, the slag, which commences to rise even 
during the alloying, is brought almost entirely to the 
surface. The crucible is then taken out of the 
furnace, the slag removed from the surface with a 
skimmer, the metal again stirred to bring up what 
little slag may still remain in it, and is then ready 
for casting. It is very injurious to leave it longer 
in the fire than is absolutely necessary. No flux is 
required, the bronze needing only to be covered 
with charcoal powder. The particular point to be 
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sttended to in melting theae bronzes ia to handle as 
«jiiicklj as possible when once melted. 

The manufacture of alumiQium-bronzea on a large 
&ca]e, as carried on by the Cowles Electric Smelting 
and Aluminium Company, is as follows : The furnace 
tiaed conaiatB of a brick box 1 foot wide, 5 feet long 
and 15 inches deep. From opposite ends enter two 
immense electrodes, that are really electric-light 
carbons, S inches in diameter and 30 inches long. 
These are partly contained in pipes that, in turn, 
pass through stufBng hoses in the ends, to exclude 
the air and, at the same time, admit of adjusting the 
electrodes. 

To protect the walls of the furnace from the in- 
tonae heat, it is lined with finely-powdered charcoal, 
*hich, having been first washed in a solution of 
lime-water, retains its non-conductivity even after the 
particles have been partially converted into graphite 
V heat. 

The bottom of the furnace is now lined to a depth 
"f two or three inches with this fine, prepared cbar- 
"•^al, and by means of a sheet-iron gauge, the walls 
<*f tie furnace are covered with charcoal to the 
loicknesa' of two inches. 

The charge, consisting of about 25 lbs. of corun- 
^in, 12 lbs. charcoul and carbon, and 50 Iha. of 
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granulated copper, is placed about the electrodes to 
within a foot of each end of the furnace. A layer 
of coarsely-broken charcoal is now spread over the 
charge, and the sheet-iron gauge withdrawn. The 
coarse charcoal on top allows the escape of carbonic 
oxide gas formed during the process. An iron 
cover, lined with fire-brick, is luted on to prevent the 
entrance of air. 

The charge is now prepared, and the furnace 
ready to be connected with a large Brush dynamo, 
capable of producing ninety horse-power of electric 
energy. In the circuit between the dynamo and 
furnace is an ammeter, designed to register from 50 
to 20,000 amperes of current, which is controlled by 
a large rpsistance-box, as the ends of the electrodes 
may at first be too close together to make it safe to 
start the dynamo. By watching the ammeter and 
moving the electrodes, the resistance-box can be 
taken gradually out of circuit without producing a 
"short circuit" at the beginning of the operation. 
In about ten minutes, after the copper about the 
electrodes has become melted, the latter are slowly 
moved apart until the current becomes steady. It 
is now increased to about 1300 amperes and fifty 
volts. Carbonic oxide begins to escape from the 
orifices made in the top, and bums in two white 
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plumes of flame. By regulating the distance be- 
tween the electrodes, the curreni is kept constant for 
about 5 hours, and all parts of the charge are 
brought into the reducing zone. 

When the operation is completed, a resistance i» 
placed in the box, and the current is switched into 
another furnace charged in a similar manner. The 
product is an alloy of copper, containing 15 to 30 
per cent, of aluminium, and having a beautiful silver 
color when broken. The copper performs no part in 
the reduction, but is employed to absorb the alumin- 
ium, which would otherwise be converted into a 
carbide. 

This alloy is now melted in an ordinary crucible 
furnace and run into ingots, which, after being ana- 
lyzed, are re-melted, and suflScient copper added to 
produce the standard bronzes. 

Two runs from the furnace described will produce 
about 100 pounds, containing about 15 per cent, of 
aluminium. 

When a 10 per cent, aluminium bronze is made by 
simple mixing of ingredients, it is brittle, and does 
not acquire its best qualities until having been cast 
several times. After three or four meltings it 
reaches a maximum, at which point it may be melted 
several times with'^ut sensible change. As it cools 
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rapidly, large castings require some care to prevent 
cracking, so numerous runners and a large feeding- 
head should be employed. The 10 per cent, bronze 
fuses at about the temperature of brass containing 
S3 per cent, zinc, and the 5 per cent, melts at s 
somewhat higher temperature. The former should 
be poured as cool as possible to produce sharp cast- 
ings, and should be kept covered with charcoal up to 
the moment of pouring. Considerable care must be 
taken in the preparation of ^^ risers," so that the 
metal will free itself of impurities. The metal can 
conveniently be freed from slag or other impurity 
when pouring into the mould by the following 
method: A supplementary pot or crucible, with a 
hole in the bottom, is secured over the pouring-gate 
of the mould. This hole is first plugged up by a 
carbon or iron rod heated to redness, and the pot is 
filled with the melted metal before the plug is with- 
drawn. This allows the oxide and slag to rise to the 
surface, and admits only pure metal to the mould. 
It also prevents the oxidation that a stream of metal 
would suffer in pouring through the air to the ^* pour- 
ing gate," as is often practiced. 

The shrinkage of 10 per cent, aluminium bronze 
in casting is aiSout 50 per cent, more than ordinary 
brass. 
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Aluminium bronze forges aimikr to the best 
Swedisli iron, but at a much lower temperature. It 
works beat at a cherry red ; if thia is much exceeded, 
the metai becomea " hot short," and ia easily crushed. 
The temperature for rolling ia a bright red heat, and 
it is a curious fact that, if the metal were forged at 
the temperature it ia rolled, it would be smashed to 
pieces. If the temperature in the ordinary muffle in 
which it ia heated be allowed to rise too high, the 
bronze will frequently fall apart by ita own weight. 
When in the rolls it acts very much like yellow 
MuntK metal. As it loses its heat much more rapidly 
than copper or iron, it has to be annealed frequently 
between rollings. 

An incident tiiat occurred in the French postage 
stamp manufactory, Paris, may here be cited aa 
illustrating some of the peculiar properties of alu- 
minium bronze. Great trouble was experienced to 
procure a suitable die-plate to place beneath the 
needles of a machine used for perforating sheets of 
postage stamps. At every blow, the needles pasaed 
through the holes in the die-plate, and as there were 
300 needlee making rapid strokes, about 180,000,000 
holes were made per day. With thia usage braaa- 
plaies wore out in a day, and even steel-plates were 
speedily destroyed. A plate of aluminium-bronse 
Iwing Buba'ituted, lasted for months without renewal. 



J 



256 BRASS AND IRON FOUNDER. 

Delta metal. This metal was patented, in 1882. 
by Alexander Dick, but it has exactly the same conn- 
position as sterro- metal, which was introduced some 
years ago by Baron Rosthorn, of Vienna. It is 
composed of about 60 parts of copper, 34 to 44 of 
zinc, 2 to 4 of iron, and 1 to 2 of tin. 

The peculiarity of this and similar alloys is the 
content of iron, which appears to have the property 
of increasing the strength to an unusual degree. In 
making delta metal the iron is previously alloyed 
with zinc in known and definite proportions. When 
ordinary wrought-iron is introduced into melted zinc, 
the latter readily dissolves or absorbs the former, and 
will take it up to the extent of abdut 5 per cent, or 
more. By adding the zinc-iron alloy thus obtained 
to the requisite amount of copper, it is possible to 
introduce any definite quantity of iron up to 5 per 
cent, into the copper alloy. Hiorns states that the 
inventor uses a small amount of phosphorus in com- 
bination with the copper to avoid the oxidation when 
the alloy is re melted. In some cases he uses tin, 
manganese and lead to impart special properties. 
The inventor claims that by this process the iron is 
chemically combined in the brass and bronze. 

The advantages claimed for delta metal are great 
strength and toughness. It produces sound castings 
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of close grain. It can be rolled and forged hot, and 
can stand a certain amount of drawing and hammer- 
ing when cold. It takes a high polish, and when 
exposed to the atmosphere tarnishes less than bfass'. 

When cast in sand, delta metal has a tensile 
strength of about 45,000 lbs. per square inch and 
about 10 per cent, elongation ; when rolled, a tensile 
strength of 60,000 to 75,000 lbs. per square inch 
and elongation of from 9 to 17 per cent, on bars 
1.128 inch in diameter and 1 inch area. 

Delta metal can be forged, stamped and rolled hot. 
It must be forged at a dark cherry-red heat, and care 
taken to avoid striking when at a black heat. 

Delta metal as manufactured by the " Deutsche 
Delta-Metall Gesellschaft " is composed as follows: 



Gonstitnents. 


Cast 
Per cent. 


Wrought 
Per cent. 


Rolled. 
Per cent. 


Hot 
panched 
Per cent. 


Copper 


55.94 


55.80 


55.82 


54.22 


Lead 


0.72 


1.82 


0.76 


1.10 


Iron 


0.87 


1.28 


0.86 


0.99 


Manganese .... 


0.81 


0.96 


1.38 


1.09 


Zinc 


41.61 


40.07 


41.41 


42.25 


iNickel 


Trace 


Trace 


0.06 


0.16 


Phosphorus . . 


0.013 


0.011 


Trace 


0.02 


99.963 


99.941 


100.29 


99.83 



Deoxidized bronze. This alloy is manufactured 

by the Deoxidized Metal Company of Bridgeport, 
17 
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Comu It resembles phosphor-bronze some^at in 
composition, and also delta metal, in containing zinc 
and iron. The following analysis by Mr. Jas. S. 
de Benneyille gives its average composition : 

Gopper 82.67 

Tin 12.40 

Zinc 3.23 

Lead . 2.14 

Iron 0.10 

Silver 0.07 

PhoBphoras 0.006 

100.615 

It seems probable that some deoxidizing flux con- 
tatning phosphorus, similar to that employed in the 
manufacture of phosphor-bronze is used in the manu- 
facture of this alloy. Deoxidized bronze is largely 
used for wood-pulp digesters, as it is found to resist 
the action of sodium hyposulphite and sulphurous 
acid remarkably well. 

Deoxidized bronze wire has a tensile strength in 
the neighborhood of 150,000 lbs. per square inch. 
The deoxidized copper wire made by the Deoxidized 
Bronze Company has a tensile strength of 70,000 
lbs. per square inch ; and the deoxidized copper 
sheets, a tensile strength of from 30,000 to 50,000 
lb«. per square inch. 
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Manganese bronze. Thia alloy has been used very 
extensively For caating propeller blades, both in thia 
country and abroad. Wheo cast In sand it has an 
average elastic limit of 30,000 lbs. per square inch, 
tensile strength about 60,000 lbs. per square inch 
with an elongation of 8 to 10 per cent. When 
rolled the elastic limit is about 80,000 lbs. per 
square inch, tensile strength 95,000 to 100,000 lbs. 
per square inch, and an elongation of 12 to 15 per 
cent- 

For several years past manganeae bronze appears 
to have been made in large quantities by Mr. P. M. 
Parsons of the Manganese Bronze Company, Dept- 
ford, England, the manganese being added in the 
form of ferro- manganese. A portion of the man- 
ganese in the alloy thus added is utilized in deoxi- 
dation, vfhile the remainder, together with the iron, 
becomes permanently combined with the copper. The 
manganese once alloyed with the copper is not 
driven off by remeltiiig, but usually the quality of 
the bronze is improved by remelting. 

Ferro-manganese is composed of manganese, 75 
parts, and iron, 75. 

An alloy of copper and manganese, the so-called 
cupro-manganeee, consisting of copper, 70.5 parts; 
manganese, 25, and coal, 0.5, is recommended as an 
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addition to bronze. Of this composition, an addition 
of 2} per cent, suffices for most cases. The process 
is very simple. After melting the bronze-masses, 
the metal-bath is covered with pulverized charcoal, 
and the pieces of cupro-manganese, previously 
weighed and reduced to small pieces, are allowed 
slowly to slide into the crucible. Fusion takes place 
instantaneously, but the crucible is for a few mo- 
ments to be replaced upon the fire, in order to some- 
what increase the temperature reduced by the addi- 
tion of the cold pieces of metal. In pouring out 
proceed in the ordinary manner. To enclose the 
oxide of manganese formed by this process, add to 
the charcoal, with which the metal-bath is covered, 
about one-half its quantity of pure carbonate of pot- 
ash. 

Alloys prepared with the assistance of cupro- 
raanganese, which are especially valuable for tech- 
nical purposes, have the following composition: 

Parts. 
/ • \ 

I. II. III. IV. 

Copper 77 60 C5 60 

Manganese 25 25 20 20 

Zinc — 15 5 — 

Tin — — — 10 

Nickel — — 10 10 

Phosphor-bronze. In 1868 Montefiore and Kiin- 
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zel, of Li^ge, Belgium, observed that the tin in 
bronze progressively decreases by oxidation during 
smelting, the tin oxide going partly into the slag 
and being partly dissolved in the melted metal, so 
that bronze originally composed of 10.10 per cent, 
tin and 89.90 copper, after the fourth melting con- 
tained only 8.52 tin and 91.48 copper. It was 
found that poling (stirring up the metal with a stick 
of green wood) eliminated the oxide combined with 
copper, but had no effect on the tin-oxide. Kiinzel 
then tried the introduction of a little phosphorus, or 
"phospboret of tin or copper," into the mass, with 
the desired result. Bars cast from the same crucible 
of metal under the three conditions named gave the 
following results : 



Condition of the mass of metal. 


Resistance. 


Lengthen- 
ing until 
Rupture. 

Per cent. 


Absolute 
lb. per 
square 
iuch. 


Elastic 

lb. per 

square 

inch. 


Old bronze 

" poled 

" deog^dized with ") 
phosphorus. / 


22.982 
24.922 

33.916 


17.020 
17.709 

19,300 


2.0 
2.8 

6.8 



Other experiments in phosphorizing alloys of cop- 
per, nickel, manganese and iron were not satisfac- 
tory, nor was that of using sodium instead of phos- 
phorus as a deoxidizer. The action of phosphorus 
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in bronze is (1) to diminate the oxides, and (2) to 
make the tin capable of assuming crystalline struc- 
ture, thus increasing the homogeneity of the alloy, 
and thereby its elasticity and absolute resistance. 
Among other properties, phosphor-bronze emits 
sparks under friction less readily than gun metal or 
copper. It is peculiarly adapted for friction bear- 
ings ; is easily rolled into sheets, and is very tough 
in that form. In sea- water it oxidizes at about one- 
third the rate of copper. 

The following are Kirkaldy's figures for tenacity 
and ductility of phosphor-bronze wire No. 16, Bir- 
mingham gauge : 



Phosphor-bronze WtrCy No. 16, 



Mater- 
ials. 



Phos- 
plior- 
bronze 
of sev- 
eral 
pro- 
por- 
tions. 



Load at fracture. 



Unannealed. 



Per sq. 
mm. 

72.3 kilos 

85.1 " 

85.2 

97.7 
112.2 
106.3 






Per sq. 
inch. 

46 tona 
54 " 
54.1 " 

62.1 " 

71.2 " 
61.6 »' 



Annealed. 



Per sq, 
mm. 

34.7 kilos 

33.6 « 

37.5 

42.8 

41.7 

45.4 



fi 



(i 
it 



Per sq. 
inch. 

22 tons 
21.3 " 
23.8 " 
27.2 " 
26.5" 
28.9" 



Elonga 
tion. 
Length 
5 inches 



Per 
cent. 

37.5 

34.1 

42.4 

44.9 

46.6 I 

42.8 



No. of twists 
• before break- 
ing. 



Unan- 
nealed 

6.7 
22.3 
13.0 
17.3 
17.8 
15.0 



An- 
nealed 

80 
62 
124 
53 
66 
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Out PhoiphoT-bro 


«'■ 




EBdUCtlol, 


Elaallo limit. 




Per ant. 


Per aq, mm. 


Per sq. Inch. 


Per jq. Bid. 


Peraq.incb. 


a.4 

1.S 
33.4 


16.Q6 kilOB 
17.38 " 
11.8 " 


10.6 tons 
11.05 " 
7.2 " 


31.0 kildS 
32.5 " 
31.3 " 


23.5 tODB 
19.B " 



The content of phosphoras is imparted to the 
bronze by an addition of copper phosphide or phos- 
phide of tin, both these plioaphiUcs being sometimca 
naed at the aame time. They must be especially 
prepared, the best process being briefly as follows: 

Copper-phogpftide, A mixture of bone ash, silica, 
and carbon ia placed in a crucible, and upon it a 
layer of granulated copper, which ia in turn covered 
with the above mixture. The lid of the crucible is 
luted OD. To make the mixture melt more readily. 
Home oarbonate of soda and glass may be added, or 
a mixture of pulverized milk glass with charcoal and 
powdered coke ia used for lining and covering it. 
Take for example 14 parts of ailiea, 18 of bone ash, 
and 4 of powdered carbon. This ia mixed with 4 
parts of aoda and 4 of powdered glass, stirred up 
with a little gum water, and used to line the cruci- 
ble. When this ia dry the copper ia put in and 
covered with the aame mass, and the whole ia melted 
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at a bright-red heat. The copper obtained flews 
well, and has a reddish-gray color. It contains 0.50 
to 0.61 per cent, of phosphorus. 

According to another method copper-phosphide is 
prepared by adding phosphorus to copper sulphide 
solution and boihng, adding sulphur as the sulphide 
is precipitated. The precipitate is carefully dried, 
melted and cast into ingots. When of good quality 
and in proper condition, it is quite black. 

Phosphide of tin is prepared as follows : Place a 
bar of zinc in an aqueous solution of chloride of tin, 
collect the sponge-like tin separated, and bring it 
moist into a crucible upon the bottom of which sticks 
of phosphorus have been placed. Press the tin 
tightly into the crucible and expose it to a gentle 
heat. Continue the heating until flames of burning 
phosphorus are no longer observed on the crucible. 
After the operation is finished a coarsely-crystalline 
mass of a tin-white color, consisting of pure phosphide 
of tin, is found upon the bottom of the crucible. 

Phosphor-bronze is prepared by melting the alloy 
to be converted into it in the usual manner, and 
adding small pieces of copper phosphide and phosh 
phide of tin. 

The phosphorus may also be introduced into tho 
bronze as follows : Stick a bar of the phosphorus intc 
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a tube of pinchbeck, one end of which is hammered 
together and closed tightly. After the phosphorus is 
put in the other end is also closed. When the metal, 
which contains 82 parts of copper to 5 of zinc and 1 
of tin, is melted, the tube charged with phosphorus 
is pushed down in it to the bottom of the crucible by 
means of bent tongs. The stick of phosphorus must 
be kept under water until it is to be introduced into 
the pinchbeck tube, when it must be carefully dried, 
as the presence of any moisture would be sure to 
cause the metal to spurt or fly about. 

Another way of introducing the phosphorus is as 
follows: Get from a gas-fitter about 2 feet of iron 
pipe, with a bore a little larger than the sticks of 
phosphorus ; make an iron plug to fit the bore, and 
then drive it down one end of the pipe until the space 
will hold the quantity of phosphorus you wish to mix 
in the metal. Make a plug of tin, about ^ inch thick, 
to fit in the bore. Now introduce the phosphorus in 
the space formed by the iron plug, and just tap the 
tin plug into the end of the pipe with a hammer. 
Stir the pipe about in the melted metal ; the tin plug 
soon melts, letting out the phosphorus in the bronze 
baths. 

According to Thurston, five sorts of phosphor- 
bronze are considered U answer all requirements: 
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0. Ordinary phosphor-bronze of 2 per cent, o! 
phosphorus. 

1. Good phosphor-bronze of 2J per cent, of phos- 
phorus. 

These two numbers are in all cases superior to 
ordinary bronze and steel. 

2. Superior phosphor-bronze of 8 per cent, of 
phosphorus. 

3. Extra phosphor-bronze of 3^ per cent, of phos- 
phorus. 

4. Maximum phosphor-bronze of 4 per cent, of 
phosphorus. 

These three, according to Delalot, are superior to 
any other bronzes. Above No. 4 phosphor-bronze is 
useless, below No. it is inferior to common bronze 
and steel. Nos. 3 and 4 are comparatively unoxi- 
dizable. 

Platinum 'bronze. This bronze, which has been 
patented in various countries by Helonis, of Paris, is 
described as follows : By alloying nickel with a small 
quantity of platinum it loses its oxidability and is 
not attacked by acetic acid. To prepare the alloy 
the nickel is melted, without flux, with the platinum 
and a certain quantity o^ tin. The following alloys 
are at present used : 
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Nickel. Platinum. Tin. Silver. 

For knives, forks and spoons .100 1 10 —> 

" bells 100 1 * 20 2 

" fancy articles 100 0.6 16 — 

<< field glasses 100 20 20 

A non-oxidizable alloy is as follows: Nickel 60 
parts, platinum 5 to 10, brass 120. 

Silicon bronze. This alloy appears to have been 
invented, about 1881, by M. Weiller of Angouleme. 
In experimenting with phosphor-bronze wire for tele, 
graphic and telephonic use, he found its conductivity 
was insuflScient for telegraphic purposes, so he de- 
vised the alloy now called silicon bronze. 

The silicon-copper compound, from which the sili- 
con bronze is produced, is made by melting, in a 
graphitic crucible, a certain amount of copper with a 
mixture of fluor-silicate of potassium, glass, chloride 
of soda, carbonate of soda and chloride of calcium. 
It is claimed the silicon and sodium in this mixture 
absorb all the oxides present in the mass. 

The action of the silicon on the copper is similar 
to that of phosphorus. It acts as deoxidizer and, the 
silica formed being an acid, is a valuable flux for 
any metallic oxides remaining unreduced. 

Silicon bronze is chiefly used for telegraph and 
telephf ne wires, wire made from it having the same 
resistance to rupture as phosphor-bronze wire, but 
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with a mu3h higher degree of electric conductivity. 
It also seems^ that, although wires made from this 
alloy are very much lighter than ordinary wires, 
they are of equal strength. 

According to E. Van der Ven, phosphor-bronze 
has about 30 per cent., silicon bronze, 70 per cent., 
and steel 10 J per cent, of the electrical conductivity 
of copper. 

The following shows the composition of silicon 
bronze used for wires : 



ii 



Telephone Wire A. 

Copper . . . 99.94 per cent. 

Tin 0.03 

Silicon . . . 0.02 
IroA .... trace 
Zinc .... — 



99.99 per cent. 



Telegraph Wire A. 
Copper . . .97.12 per cent. 



Tin 
Silicon 
Iron . 
Zinc . 



1.14 

0.05 

trace 

1.62 






u 



99.93 per cent. 



^Steel-bronze. The ordnance-bronze known under 
this name is prepared in the Austrian arsenals, the 
method of melting and subsequent treatment in cast- 
ing being kept secret. It is only known that the 
bronze contains 8 per cent, of tin, and that the cast- 
ing is effected in cold iron moulds. The peculiarity 
of the process of manufacturing ordnance from steel- 
bronze (also called Uchatiug bronze after its iD 
mentor) consists in the piece, after being finished to 
a certain extent, being subjected to a peculiar mechan 
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ical treatment. The calibre of the piece is made 
smaller than it is finally to be, and is then gradually 
enlarged to the required diameter by steel-cylinders 
with conical points being forced through the cavity 
with the assistance of hydraulic presses. In conse- 
quence of this peculiar treatment the cavity is, so to 
say, forged or rolled, the bronze acquiring the great- 
est power of resistance in those places which in fir- 
ing are subjected to the greatest pressure. 

Tohiii bronze. This alloy is practically a sterro 
or delta metal with the addition of a small amount 
of lead, which tends to render copper softer and 
more ductile. According to the inventor's claims, 
the bronze can be forged and stamped at a red heat 
as readily as steel. Bolts and nuts can be forged 
from it by hand, and machinery when cold drawn. 
Its increased density and high elastic limit, and the 
facility with which it can be upset while hot make it 
well adapted for special purposes. The bronze 
should be forged only at a cherry-red heat and never 
be worked at a black heat. Analyses by Dr. Chas. 
B. Dudley: 

Pig Metal. Test Bar (Rolled). 

Per Cent. Per Cent. 

Copper . 59.00 61.20 

Zinc 38.40 37.14 

Tin ." 2.16 0.90 

Iron 0.11 0.18 

Lead 0.31 0.35 



270 BRASS AND IRON FOUNDER. 



ON ZINO AS A PROTECTIVE OOVERING FOR IRON ; ANC 
THE ADAPTATION OF THE PROCESS OF ELECTRO^ 
DEPOSITION FOR THAT PURPOSE. BY F. PELLATT, 
ESQ. 

Bead at the Itutitutiou of Civil Engineertf London. 

The object of this paper is to direct attention to 
the properties of zinc as a protecting coating to 
iron; to describe the processes already employed 
for ^^^his purpose ; the reason of their failure ; and 
the peculiar adaptation of the electro-deposition of 
the metal for the end desired* 

It would be a needless waste of time to say any- 
tning regarding the superior value of iron as a ma- 
terial ; but a few remarks respecting its chemical 
intlueuces may not be misplaced. 

The cause of iron becoming corroded is its supenoi 
affinity for oxygen. If the iron and water are both 
pure, this is not, indeed, found to be the case : but 
under ordinary circumstances, neither of these exist 
in a state of purity. The iron, therefore, owing to 
its own impurity, and that of the water, is subject 
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[o ^i pontiful deatructiv'e influeoce, which is best 
known to those most experienced in its use; and 
there is no circumstance in which we can place iron 
to be free from the action of water, it being preaenl 
in the air and earth. So powerfully is this 
affected in the earth, or in contact with somE 
that it loses all its essential properties, and is 
converted into a subatance so soft that it ma.j be 
scratched hj a finger nail. These facta render it 
the utmost importance that some means be obtained 
for its protection, which, at the same time, will nol 
interfere with the natural properties of the iron. 
Th" substances hitherto used for protecting iron are 
tin and paint. These, as lasting coatings, 
effective. The tin being electrically negative to the 
iron, renders it, a means of destruction, instead ol 
protection, i^hen any part of the iron : 
By the laws of electricity, when metals 
tact, the negative metal is protected at the expense 
of the positive. 

Circumstances, such as different chemical men- 
strua, may alter the relative electrical states 
metals. But under all ordinary circumstances this 
rule holds good; and zinc being the positive metal 
it becomes, in consequence, a protector to the negi 
lire metal, -ron. This electrical property of zinc 
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connexion with iron and other metals, has induced 
those to whom it was known, to recommend it as a 
•joating. The difficulty hitherto has been the ob* 
taining of zinc pure, and the application of it with- 
out injuring the texture of the iron. 

From the known qualities of zinc, it has been 
lately much employed for various purposes, but has 
entirely disappointed the expectations formed from 
Its properties. The reasoA of this is, that no zinc 
of commerce is pure, and that the impurities 
existing are destructive to it, from the electrical 
law we have alluded to. The impurities existing, 
more or less, in all zinc, are lead, iron, arsenic, and 
one or two other metals, all of which are electrically 
negative to zinc ; the consequence being that every 
atom of impurity, in connexion with the zinc, forms 
a galvanic battery of many thousands, or rather 
millions, of pairs of plates, the impurities being pro- 
tected, and the zinc destroyed. 

It has no doubt surprised many who have made 
use of zinc, to find it in a few weeks or months, 
according to circumstances, perforated with small 
holes, and completely destroyed. We say according 
to circumstances, because the ordinary time zinc 
lasts depends not only on the amount of impurities 
ontained in it, but also on the exciting fluid to 
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which il is Bubjected, ExpoBcd to the actiou of 
water from the atmosphere, the destructive influence 
operates comparatively slowly ; but with more ex- 
citing fluids very rapidly. 

Thus, a roof erected in the neighbourhood of a 
vinegar distillery, was completely destroyed in sin 
weeks; and vessels used for dairy purposes have 
lasted but a very short time, owing to the presence 
of acids — these causing a rapid galvanic action be- 
tween the zinc and its impariiiea. It is then quite 
evident that impure zinc, being itself valueleae, can- 
not aft'ord protection to any other oietal. Now. th« 
only process yet in use for the purpose of coating iron 
with zinc, is that of immersing the iron in meited zinc. 
This we conceive open to many objections. The iron 
by this process being raised to a temperature of al 
least 800°, causes it to combine with the zinc, form- 
ing an alloy on the surface, which changes its state, 
and becomes brittle. But upon this subject, we 
shall refer to the report made by M, Dumas to the 
French Academy, He aaya — 

"The zincing of iron, made by steeping iron in a 
bath of melted zinc, has many inconveniences; be- 
sides, the iron combining with the zinc, constitutes 
a very brittle, superficial alloy. The iron loses ita 
tenacity — a circumstance which ia not perceivefl 
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however, except in trying to zinc fine iron wire, or 
very thin plate. Besides, the surface, being covered 
with a layer of not very fusible metal, is always ill- 
formed. Thus, fine iron wire cannot be zinced by 
this process, as it becomes fragile and deformed; 
bullets cannot be zinced, as they become misshapen, 
and no longer of the same calibre." 

We have reason to believe that very nice manipu* 
lations, and annealing the iron after zincing, may 
remove some of M. Dumas' objections to this pro- 
cess. Still, two fatal objections, in our opinion, 
would exist to its use: first, the impossibility of ob- 
taining pure zinc, except at an enormous expense, 
the only process being sublimation or distillation; 
and secondly, the impossibility of retaining its 
purity, during the process of applying it to iron. 

Setting aside the fact of an alloy of iron and zinc 
being produced by the action of heated iron immersed 
in melted zinc, the presence of foreign matter neces- 
sary to retain the zinc in fusion, renders it impure ; 
these matters forming less fusible compounds^ and 
zinc being very volatile, a great amount of waste is 
created. 

But it is well known to all those acquainted with 
the deposition of metals from soluble salts by the 
electro process, that pure metal only is deposited; 
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no that [Ilia process is not open to the objection upon 
this head, which may be made to every other, more 
eapeoially in treating a metal of so intractable a 
character as zinc. It is also applicable to all sizes 
and shapes of work, requires no expensive erections, 
and, what is important in large operations, may he 
performed anywhere, and by any person, 

Although the protecting influence of zinc (we of 
course speak of pure zinc) upon other metals is 
practically unknown, it has been well known to men 
of science ; and we shall take the liberty of quoting 
the opinions of aome of the best chemists upon the 
subject ; bearing in mind that zino is electrically 
popitive to other metals, and as such protects them 
from oxidation at a very trifling loss to itself — and 
that, by a well known law of eilectrical science, one 
body being electrically excited, that body induces 
its opposite state in other bodies with which it is in 
contact. Keeping these three points in view, we 
would call attention to the following opinions : — Dr. 
Kane says, " Zinc preserves the other metals, even 
if it be iron, from oxidatiou ;" and, again, "Zinc, 
when exposed to the air even in presence of water, 
becomes covered with a varnish of a gray substance, 
probably a definite sub-oxide, which is not further 
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altered by exposure." Professor Graham, alluding 
to iron in water, says, " Articles of iron may be 
completely defended from the injury occasioned in 
this way, by the more positive metal zinc, while the 
protecting metal itself washes away slowly;" and 
further, when speaking of zinc, " When exposed to 
air, or placed in water, its surface becomes covered 
with a gray film of sub-oxide, which does not 
increase ; and this film is better calculated to resist 
Doth the mechanical and chemical efiects of other 
bodies than the metal itself, and preserves it." And 
Professor Daniel, in his new work, says, " That a 
plate of pure zinc, when immersed in water, speedily 
becomes dulled by the formation of a thin coat of 
oxide ; but the oxidation proceeds no further, be- 
cause the adhesion of the metal prevents a renewed 
contact of the metal and the water." 

From these authorities we notice that pure zinc 
has a double protecting influence, the iron being 
protected by the zinc, and the zinc by its own oxide, 
besides that peculiar galvanic influence induced by 
the positive state of the zinc with respect to the 
iron. With regard to the peculiar adaptation of the 
electro processes to the zincing of iron, we shall 
again quote from M. Dumas* Report. He says, 
'Manufacturers, and those concerned in military 
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affiiirs and the fine arts, will learn with interest that 
these processes enable us to zinc, in an economical 
manner, iron, steel, and cast iron, by means of the 
pile or battery, with the solution of zinc, by operat- 
ing without heat, and consequently not interfering 
with the tenacity of the metal ; by applying it in 
thin layers, and by thus preserving the general forms 
of the pieces, and even the appearance of their 
minutest details. The thinnest plate may receive 
this preparation without becoming brittle, and may 
be turned to account in roofing buildings." 

We hope these authorities fully support what we 
have asserted, that pure zinc affords a perfect pro- 
tection to iron, is not itself susceptible of rapid de- 
cay, and is easily applicable to the electro process. 
We are aware that other opinions upon this subject 
have been given ; some have almost denied its gal- 
vanic influence, and have reduced it to what they 
term a mere " tendency ^^^ whilst others have much 
overstated it. Efiects which may be witnessed every 
day, prove that there is a secret galvanic agency ar 
work when metals are in contact. Take, for in- 
stance, the decay of iron when in contact with lead. 
E^ery one has observed that iron railings let into 
stone work with lead, are much decayed within a 
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short space of the contact of these two mttals, whiU 
the remaining portion is comparatively sound. This 
effect is from the iron being positive to the lead, 
which is therefore protected at the expense of the 
iron. 

It is matter of regret that zinc cannot be used with 
the same protecting property to articles in use at sea. 
This arises from its strong aflSnity for muriatic acid, 
thereby forming muriate of zinc, which being readily 
soluble is taken off by the water, leaving a new sur- 
face of zinc to be acted on, thus rapidly destroying 
the zinc. 

In situations where the articles are not exposed 
to the run of salt water, the zinc will be found a 
protection. 

The zinced iron solders readily. All other metals 
may be treated by this process for ornamental pur- 
poses. Copper will be found very useful. The de- 
positions by alkaline solutions are perfectly firm, 
and not subject to the objection to which those made 
by acid solutions are ; these being always insecure 
from the formation of an oxide upon the iron, in- 
duced by the acid of the solution. The deposited 
copper may be bronzed or gilt, and will be found 
most useful for ornamental work. 
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Many specimens of zinced iron, some of whicl 
liad been exposed to the action of the weather for 
months, were exhibited to the meeting, as weU at 
specimens of iron coated with copper by th^ mkm. 
process. 

While iron may be protected by an electro-deposit 
of zinc, the process, even when working with small 
articles, is connected with certain difficulties, and is 
at present but little appllied in practice, zincking by 
immersion, or as it is technically called '^galvanizing," 
being preferred. In order that the metal to be gal- 
vanized will take a proper coating of zinc, it requires 
to be freed from oxide and impurities of every de- 
scription, which is generally eflfected by pickling it 
in a liquid consisting of commercial sulphuric acid 
diluted with 10 to 12 parts of water and subsequent 
washing with clean water. The metal is then im- 
mersed in commercial hydrochloric acid and finally 
dried in an oven, when it is ready for the zinc bath. 
The temperature of the latter is a matter of vital im- 
portance to the quality of the work, and it is here 
that the skill and experience of the workman tells 
strongly. For sheet-iron work the heat of the bath 
is kept at about 1000° F. 
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WATER IN PIPES. 

This table shows the quantity and weight of 
water contained in one fathom of length of pipes of 
different bores from 1 inch to 12 inches in diameter, 
advancing by J inch. The weight of a cubic foot 
of water is taken at 1000 ounces avoirdupois, and 
the imperial gallon at 10 lbs. 
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OH CRUCIBLES. 

The manufacture of crucibles is a branch of the 
potter's art, requiring great care to insure succesa ; 
ind uDtil lately, was at the best a very uncertain 
DFocess. The chief requisites in a good crucible are, 
refractoriness in the atrongeat heats, capability of 
withstanding the corrosive effects of any substances 
tbat may be ignited in them, and the effects of sud- 
den alterations of temperature. They must also be 
composed of a material sufficiently solid in its texture 
to prevent the passage of the solid metal through its 
pores. 

The composition producing pote of the best qua- 
lity is formed by pure fire clay mixed with finely 
ground cement of old crucibles, to which ia added a 
portion of black lead or plumbago. The clay ia pre- 
pared in the same manner as observed in pottery 
generally. The vessels, after being worked to the 
proper conical shape, are slowly dried, and then 
baked in a kiln. 

The composition used in the Royal Foundry of 
Berlin is formed of eight parts in bulk of Stour- 
bridge clay ard cement, five of coke, and four of 
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graphite or plumbago. Crucibles manufactured froni 
this mixture are capable of withstanding the greatest 
possible heat in which wrought iron melts, being 
equal to from 150° to 155° Wedgewood. They also 
bear sudden cooling without cracking. In the Ber- 
lin foundry they have been employed for twenty- 
three consecutive meltings of seventy-six pounds of 
iron each, which perhaps is the most complete and 
trying test that could be adopted. 

Another composition is as follows: — 8 pounds 
Stourbridge clay, 4 pounds burned clay cement, 2 
pounds coke powder, and 2 pounds pipe clay ; the 
whole being compressed in moulds while in a pasty 
state. 

The Hessian crucibles from Great Almerode and 
Epterode, resist the action of fluxes, and are tole- 
rably lasting. They are made from a fire clay con- 
taining a small amount of iron, but no lime. This 
is incorporated with silicious sand. These crucibles 
are rather porous, but they resist the effect of saline 
and leaden fluxes, and are not liable to crack, but 
they melt below the fusing point of bar iron. 

The black lead crucibles bear a much higher heat. 
Their composition is two parts of graphite and one 
of fire clay; this is mixed into a pasty mass bv 
means of water. The crucibles are baked slightlj 
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short, if it be treated as steel often is — ^aad be ieft in 
a furnace over night, it will be found, when cold, to 
have a perfect amorphous structure, every trace of 
chill-crystals will be gone, and the whole piece will 
be non-crystalline gray cast-iron. If this is the 
effect upon coarse cast-iron, what better is to be ex- 
pected from fine cast-steel ? 

A piece of fine tap-steel after having been in a 
furnace over night will act as follows : 

It will be harsh in the lathe and spoil the cutting 
tools. 

When hardened it will almost certainly crack ; if 
it does not crack, it will have been a remarkably good 
steel to begin with. When the temper is drawn to the 
proper color and the tap is put into use, the teeth 
will either crumble off or crush down like so much 
lead. 

Upon breaking the tap the grain will be coarse 
and the steel brittle. To anneal any piece of steel, 
heat it red hot; heat it uniformly and heat it 
through^ taking care not to let the ends and corners 
get too hot. 

As soon as it is hot take it out of the fire, the 
sooner the better, and cool it as slowly as possible. 
A good rule for heating is to heat it at so low a red 
that when the piece is cold it will show the blue 
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gloss of the oxide that was put there by the hammer 
or the rolls. 

Steel annealed in this way will cut very soft ; it 
will harden very hard without cracking, and when 
tempered it will be very strong, nicely refined, and 
will hold a keen, strong edge. 
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HARDENING STEEL. 

The process of hardening steel is called temper- 
ing or attempering^ and consists in that novel ar- 
rangement of the particles which is produced when 
steel, while hot, is plunged into cold liquids, a£ 
water. The colder the liquid, or the more sudder 
Xhe operation of cooling, the harder will the stee. 
be. 

Case-hardening is the superficial conversion of the 
surface of iron into steel, by heating it in contact 
with animal carbon, in close vessels. Bar iron is 
converted into steel in the same way, only that 
powdered charcoal is the substance in which it is 
imbedded. 



ON BORON. 

This is the basis of a substance which has been 
long and extensively used in the arts and in medi- 
cine, under the name of horax. It is found abund« 
antly in Thibet and in South America^ but in a 

19 
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state too impure to be used without refining. This 
was long a secret process practised by the Venetiana 
and Dutch, who imported the crude salt into Europe^ 
under the name of tincal. 

Borax has a sweetish taste, and is ^^ soluble in 
twelve parts of cold, and two parts of boiling water." 
Its crystals are transparent, but efiloresce and be- 
come opaque in a dry atmosphere ; and they appear 
luminous by friction in the dark. 

It melts at a heat a little above that of boiling 
water, and gives out its water of crystallization, 
after which it forms a spongy mass, well known as 
calcined borax. When further heated to ignition, 
it passes into a glassy-looking substance, known as 
glacial borax. 

Boracic acid is obtained in unlimited quantity 
from the lakes of Tuscany. The water requires 
simply to be evaporated until the acid solution has 
been sufficiently concentrated to afford crystals. 
The acid thus obtained is chiefly taken to M. 
Payen's works, at Marseilles, where it is manu- 
factured into borax. 

Dry borax, at a high temperature, has the re 
markable property of melting and vitrifying tb 
metallic oxides into glasses of different colours. On 
th/8 account it is a most useful reagent for the bloiv 



ON BORON. 291 

pipe. With oxide of chrome it forms an emerald 
green glass, and with oxide of cobalt an intensely 
blue glass. 

Oxide of copper tinges it pale-blue ; oxides of iron, 
bottle-green; oxide of tin, opal; oxide of manganese, 
violet ; oxide of nickel, pale yellowish-green. With 
the oxides of silver and zinc, and with several of the 
earths, it forms white enamels. 

Borax, in consequence of this property of vitrify- 
ing the metallic oxides, is used to clean the surface 
of metals, in processes of soldering with hard solder, 
and of welding cast steel. 

It is also valuable in the fusion of metals to pro- 
tect their surface from oxidizement. And it is worthy 
of remark, that, when mixed with shell-lac, in the 
proportion of one part to five, borax renders that 
resinous substance soluble in water, and forms witii 
it a species of variugh. 
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ON SULPHUR. 

This element, popularly known as brimsUmei 

stands sufficiently well characterized by its brittle* 
ness, non-metallic appearance, and peculiar yellow 
colour. As a combustible it is universally known. 
Exposed to a temperature of 218° it melts almost 
into a liquid. When heated a few degrees higher, 
it becomes tenacious ; and when heated to the tem- 
perature of 300°, it takes fire, burns away with a 
lambent blue flame, and leaves no residuum. As 
the temperature rises the flame becomes more white ; 
and in pure oxygen gas the combustion goes on with 
great brilliancy. 

If, while melted and viscid, sulphur be poured 
into cold water, it acquires somewhat the consist 
ency of soft sealing-wax, and in this state it is very 
commonly used for taking impressions from seals 
and medals. 

Native sulphur is brought into this country chiefly 
from Sicily, where it occurs in beds of a blue clay 
formation, occupying the central half of me south 
coast of the island, and extending inwards as far as 
the district of Etna. Sulphur is also an abundant 
ingredient in various minerals: iron pyrites and 
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galena, sulphurets of iron and leadj are particular! j 
abundant in some localities : and at one time a large 
portion of the sulphur used in England was obtained 
from the copper pyrites of the mines of Anglesey. 
It was, however, less pure than the fine sulphur of 
Sicily, and other volcanic districts, being commonly 
mixed with arsenic and other metallic impregnations, 
which are diflScult to separate. 

Sulphur is sometimes employed for cementing 
iron bars into stone ; and at present it is in repute 
for taking impressions of seals and cameos. When 
used for this purpose, it is commonly kept previouslj 
melted for some time, to give the casts the appear 
ance of bronze. The principal consumption of it, 
however, is in the manufacture of sulphuric acid, 
gunpowder, and vermillion. 

When the end of a sulphur match is lighted, the 
flame emits copious ffimes, which are a compound 
of oxygen and sulphur. These fumes are intensely 
acid to the taste ; they constitute what is called sul- 
phurous acid, the first of the combinations of sul- 
phur and oxygen. The gas has a strong aflSnity for 
the water, and the solution which it forms with it is 
known as liquid sulphurous acid. This, if left ex- 
posed to the air, absorbs more oxygen, and passes 
into sulplruric acid. 
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Sulphur also combines with hydrogen, forming 
the highly poisonous and oflFensive gas known as sul- 
phuretted hydrogen, and which not unfrequently 
contaminates the coal gas supplied to us for illumi- 
nation. Sulphur and carbon also combine, and form 
a beautifully transparent and colourless liquid, ex- 
ceedingly volatile, and giving ofiF an odour the most 
foetid and nauseous which it is possible to conceive. 
Sulphur likewise enters into combination with metals, 
forming sulphurets, and is a most excellent flux in 
the making of brazing solder. 



SELBNIXTM. 

This is a rare elementary sdbstance, nearly allied 
to sulphur in its properties, although it in some re- 
spects partakes of the nature of a metal. It wa? 
discovered by Berzelius, in 1817, in the refuse of 
an oil of vitriol manufactory, where it was derived 
from the iron pyrites employed in the works, and 
which contain a mixture in very minute proportions 
of a similar compound of selenium and iron. It has 
also been found sparingly in combination with seve 
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ra! other metals, ae lead, cobalt, copper, and bis- 
muth ; and with sulphur, in the volcanic producta ' 
of the Lipari Islands. 

It is separated from its combinations with dtfii- 
fulty, and hitherto only in minute quantities. When 
obtained free of admixture, selenium, at common 
temperatures, is brittle, solid, of a reddish-brown 
colour, and metallic lustre, ■without taste or smell. 
But when finely powdered the powder assumes n 
deep-red, inclined to purple. It softens at the tem- 
perature of 180°; ia paaty at 200°, and melts at a 
Tew degrees above the boiling point of water. When 
warm it exhales a strong odour of decayed horse- 
rndish, and ia bo ductile that it may be drawn into 
threads, which are red by transmitted, but gray by 
reflected light. It boils at 600°, and in close vessels 
throws ofi" deep-yellow vapours, which condense into 
b'ack, metallic-looking dropfr. 



^ , ON CHLORINE. 

CSLOBIVB enters into numerous highly important 
nd interesting combinations. Various bodies, when 
immersed in it when in a liquid state (that is, when, 
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submitted to a pressure of four atmospheres, it be 
comes a yellow transparent liquid), take fire sponta- 
neously. A candle burns in it with a red flame, and 
a piece of phosphorus introduced into it, burns with 
a pale-white light. Copper, tin, zinc, antimony, and 
arsenic, when introduced into it in their leaves, or 
reduced to filings, take fire, and, combining with the 
gas, form compounds analogous to the oxides, and 
which are therefore called chlorides. Mercury also 
enters rapidly into combination with it, forming 
chloride of mercury, a substance better known a» 
corrosive svilimate. 

The grand source of chlorine is the water of the 
ocean. This is an enormous solution of salt — a 
universally known and indispensable article of con- 
sumption with the human race ; an article, indeed, 
which seems to be essentially necessary to maintain 
the body in a healthy condition. Now this salt is a 
compound of chlorine and a metal. It is, in fact, a 
chloride, consisting, when pure, of 60 of chlorine, 
and 40 of sodium, in 100 parts ; and whether it be 
obtained by evaporation of sea water, or be dug out 
of the salt mines of Wieliczka or Northwich, it hag 
the same composition. 
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Some of the minerals contain but one earth ; but 
minerals are found in which the earths are combined 
in different proportions, bj processes which producp 
that apparently endless variety of objects which 
mineral nature presents for our contemplation. 

Science has of late years demonstrated that none 
of the earths are simple substances, that is, chemical 
elements. Sir Humphrey Davy has proved that 
none of them are entitled to that character, thitt 
they are in fact compounds of certain metals witn 
oxygen — that is, metallic oxides. This has been 
shown by the very direct method of abstracting 
oxygen from them, and thereby separating the me- 
tallic base. Thus, alumina (being the basis of alum) 
is the oxide of a gray and hard metal like platinum, 
and which burns with great brilliancy when heated 
with access of air, and reproduces the earth by ah 
sorption of oxygen from the atmosphere. 

It is very singular that soda, as distinguished from 
potash, has been known with us only of late years ; 
whereas it was familiar to th« Greeks and Hebrews. 
It was also known in Egypt, where it is found na- 
tive, and is known by the name of natron — which 
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occurs in the Bible. Thus Jeremiah speaks of wash- 
ing in natron.* 

From the preceding summary we may reckon 
ourselves justified in concluding that the solid strata 
of our globe — that is, the superficial shell with which 
we are acquainted, if not the vast mass of the globe 
itself — are nothing more than masses of metals of 
different kinds, disguised by oxygen : that they are 
in fact oxides, and bear evidence, in many cases, of 
being the products of combustion. 

ANILINE BRONZING FLUID. 

Take 10 parts of aniline red and 5 parts of aniline 
purple and dissolve in 100 parts of alcohol at 95°, 
taking care to assist the solution by placing the ves- 
sel in a sand or water bath. As soon as the solution 
is efiected, 5 parts of benzoic acid are added and tht 
whole is boiled from 5 to 10 minutes until the green- 
ish color of the mixture is transformed into a fine 
light-colored bronze. This bronze is said to be very 
brilliant, and to be applicable to all nietals, as well 
as to other substances. It is easily laid on with a 
brush and dries promptly. 

BRONZE BARBEDIENNE ON BRASS. 

Freshly precipitated arsenious sulphide is dissolved 

* Jeremiah ii. 22. 
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in ammonia, and antimonious sulphide is added until 
a dark yellow color is produced. Heat the solution 
carefully to about 95° F. Leave the articles in the 
bath until they have acquired a dark brown color, 
and develop the color by scratch-brushing. 

SteeUgray coating on Brass. 

Antimony sulphide and fine iron filings, 1 part of 
each ; hydrochloric acid 3 parts ; and water 3 or 4 
parts. 

TO BROWN GUN BARRELS. 

Take of nitric acid, half an ounce ; sweet spirit 
of nitre half an ounce ; blue vitriol, two ounces ; 
tincture of steel, one ounce. Mix all together in 
eight gills of water. Apply this mixture with a 
sponge, then heat the barrel a little, and move the 
oxide with a hard brush. This operation may be 
repeated a third and fourth time, till you have the 
brown required. 

It is then to be carefully wiped, and sponged with 
boiling water, in which there has been put a small 
quantity of potass. The barrel being taken from 
the water, must be made perfectly dry, and then 
rubbed smooth with a burnisher of hard wood ; 
afterwards heated to the height of boiling water 
and varnished with the following varnish: — 
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Varnish far gun barrels that have undergone the 

'process of browning. 

Takb of spirits of wine two parts, dragon's blocd, 
powdered, three drachms; shell-lac bruised, one 
ounce : dissolve all together. This varnish being laid 
on the Darrel, and become perfectly dry, mnsi be 
rubbed with a burnisher to render it smooth and 
glossy. 



ETHERSAL flOLUTIOlf OF €K)LD. 

Saturatb nitro-hydrochloric acid with pure gold. 
Crystallize, and with ihe crystals saturate water. 
Shake this aqueous solution in a phial with an equal 
volume of pure ether; then two fluids will result, 
the lighter of which is the ethereal solution of gold, 
and may easily be separated. This must be kept in 
a darkened bottle, as by exposure to light it quickly 
decomposes, flakes of gold being deposited. 

Any substance moistened with this will receive a 
coating of metallic gold, and hence metals may be 
rendered not liable to corrosion. 

Even in the dark it cannot be preservod long, 
hut undergoes slow decomposition 



TINNING. 
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TO COAT SMALL NAILS, ETC., WITH TIN. 

Put half an ounce of powdered tin (which may 
be procured of any operative chemist), into a com- 
mon Florence flask, pour on about two ounces of 
concentrated muriatic acid, and boil over a spirit 
lamp until the tin is dissolved. When cool, pour 
into any convenient vessel and dilute with about an 
equal bulk of pure water. Drop in the nails required 
to be coated, holding the vessel so that they may all 
fall to one side. Immerse a piece of sheet-copper 
into the solution, as far apart from the nails as pos- 
sible, and connect it with the latter by means of a 
piece of copper wire. The effect of this arrange- 
ment is the developement of a current of voltaic 
electncity, which causes a rapid decomposition of the 
fluid, and the deposition of tin on the surface of the 
nails. After being subjected to this treatment for 
about an hour, the nails will be found to have re- 
ceived a thick coating of metal, and may then be 
removed from the liquid, dried, and polished. 

Recourse is frequently had to the above procesd 
for the purpose of coating the nibs of steel pens 
with tin, in order to prevent them from rusting. It 
succeeds better than anv other method ever tried. 
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BRONZING ELEGTROTIPE CASTS. 

Chemical Bronze. 

There are many modes of bronzing employed jd 
the arts ; the intent of each is to bring out the work- 
manship of the object. The selection is entirely a 
matter of taste. To prevent too great a sameness 
of appearq^nce in a cabinet, it is, perhaps, better not 
to confine oneself to a solitary method. 

A chemical bronze may be made by boiling two 
ounces of carbonate of ammonia with one ounce of 
acetate of copper, in half a pint of vinegar, till the 
vinegar is nearly evaporated. Into this, pour a 
solution consistmg ot sixty- tv»o grains ot muriate 
of ammonia, and fifteen grains and a halt of oxalic 
acid, in half a pint of vinegar, ileplace the vessel 
on the fire till the contents boil ; when cold, strain 
through filtering paper ; preserve the liquor for use. 
The remaining sediment may be again treated with 
another half pint of the solution. This preparation 
must only be applied to medals bright and clean. 

Dirty specimens may be polished by an article 
used in domestic economy, consisting of rotten- 
stone, soft soap, and water. The medal is to bi 
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well rubbed with a hard brush dipped in this. Care 
must be taken not to scratch the medal. It must 
afterwards be washed in water and placed to dry ; 
when dry, the application of the leather and plate- 
brush will produce the required polish. Medals may 
also be cleansed by dipping them in nitric acidy 
either concentrated or diluted. Wax and grease 
may be removed by boiling in pearl-ash and water, 
w by pouring the boiling ley on the medals. 

In applying the bronze, first warm the medal, then 
dip a camel-hair pencil intc the liquor and brush the 
surface for half a minute ; immediately after, pour 
boiling water over it. Directly the medal is dry, 
rub its surface lightly with soft cotton very slightlj 
moistened in linseed oil. Gentle friction with a 
piece of dry cotton will finish the operation. The 
colour produced by this means is red ; its tints vary 
according to circumstances. Medals bronzed thus 
must be examined occasionally before they are con- 
signed to the cabinet; for if perchance the vinegar 
has not been perfectly washed away, they will be 
disfigured by the formation of a green powder, — the 
acetate of copper. Should this occur, it may be 
removed by means of the moist and dry cotton. 



306 BRASS AND IRON FOUNDER. 

with a piece of aal-ammoniac placed bet ^een two 
wires, likewise some powder sprinkled upon it, tc 
keep the metal from oxidating. Apply the tin, wipe 
h over with a piece of tow, then the work is finished. 



LIQUID GLUE. • 

Shell-lac dissolved in wood naptha (the pyroxilic 
spirit of the chemists, and the naptha of the oil and 
colour shops) makes good liquid glue, water-proof, 
and not requiring the application of heat. A quarter 
of a pound avoirdupois of shell-lac to be dissolved in 
tnree ounces of naptha, apothecaries' measure. Put 
the former into a wide-mouthed bottle; pour the 
latter upon it, and stir the mixture two or three 
times during the jSrst thirty-six hours. 



ARTIFICIAL FIRE-CLAY. 



The fusibility of common clay arises from the pre- 
jsence of impurities, such as lime, iron, and magnesia. 
These aubstances may be easily removed by steeping 
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in hot muriatic acid, then washing with water, and 
drying. Excellent crucibles may be made from 
common clay prepared in this manner. 



A GBMENT WHICH BESISTS THE ACTION OF FIRE AND 

WATER. 

Take half a pint of milk, mix with it an equal 
quantity of vinegar, so as to coagulate the milk ; 
separate the curds from the whey, and mix the lat- 
ter with the whites of four or five eggs, well beaten 
up. The mixture of these two substances being 
complete, add to them quick-lime, which has been 
passed through a sieve ; make the whole into a thick 
paste, to be of the consistence of putty when used. 

This cement has been applied to close the fissure 
of an iron cauldron for the boiling of pitch, and 
which has been in use for five years without requir- 
ing further repairs. 



o 
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CEMENT FOR THE JOINTS OF CAST IRON. 

Take of cast iron borings, 20 pounds ; flour of 
lulphur, 2 ounces; muriate of ammonia, 1 ounce; 
mix intimately in the dry state, and then add a suf- 
ficient quantity of warm water to render the whole 
quite wet. Press the mass together in a lump, and 
allow it to remain until such time as the combined 
action of the materials renders it quite hot, in which 
state it must be hammered, with proper tools, intc 
the joints. 



NIELLO-METALLIC ORNAMENTS. 

Cover the object to be ornamented with an etch- 
ing ground similar to that employed by copper-plate 
engravers ; draw the ornament with a needle, and 
etch it by means of a corrosive acid ; then carefully 
remove the etching ground with the proper dissolv- 
mg fluids (such as oil of turpentine, ether, &c.), and 
afterward? wash the object quite clean, and set for 
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H moment with a weak acid. Place it now in a gal 
va no-plastic apparatus, and leave it until it becomes 
galvano-plastically covered, that is, all the etched 
lines filled up. When all the lines and cavities are 
completely filled up in this way, and the deposit in 
them is equally high as, or yet higher than, the 
plain surface, the object must be taken out of the 
galvano-plastic apparatus, and the metallic layer, 
which has been raised by the operation, ground or 
planed off until brought to the same level with the 
metal of the object, leaving the etched lines or cavi 
ties full. 

Of course, the metal of the object to be orna 
mented and the metallic deposit must be different 
The effect produced is extremely pretty, and the 
means cheap and simple. 



TRACING PAPER. 



Mix six parts (by weight) of spirits of turpentine, 
one of resin, one of boiled nut oil, and lay on with 
dither a brush or sponge. 
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TO FIX DRAWINGS,^ 

A MBTHOD which is equally simple and ingenious; 
of giving to drawings in pencils and crayons the 
fixidity of painting, and without injury, is obtained 
by spreading over the back of the paper an alcoholic 
solution of white gum-lac. This solution quickly 
penetrates the paper, and enters even into the marks 
of the crayon on the other side. 

The alcohol rapidly evaporates, so that in an 
instant all the light dust from the crayons and chalk, 
which resembles that on the wings of a butterfly, 
adheres so firmly to the paper, that the drawing may 
be rubbed and carried about without the least par- 
ticle being effaced. 

The following are the accurate proportions of the 
solution : 10 parts of common gum-lac are dissolved 
in 120 parts of alcohol; the liquid is afterwards 
bleached with animal charcoal. 

For the same purpose may be used even the ready- 
made paint that can be purchased at the colour 
stores, containing a sixth of white-lac, and adding 
two-thirds of rectified spirits of wine. After it has 
been filtered, there is nothing further to be done 
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than to spread a layer of either of these solutions 
at the back of the drawing, in order to give them 
the soliiity required. 



ANTIDOTE TO ARSENIC 



Magnesia is an antidote to arsenic, equally elii- 
cacious with peroxide of iron, and preferable to it, 
inasmuch as it is completely innocuous in almost any 
quantity, and can be procured in any form. 



TO SOFTEN IVORY. 

Slice half a pound of mandrake and put it into 
a quart of the best vinegar, into which immerse your 
ivory. Let it stand in a warm place for 48 hours, 
and you will then be enabled to bend the ivory into 
any required form. 



TO SEPARATE THE METALLIC PORTION FROM GOLD 

AND SILVER LACE. 

Immerse the lace for a short time in nitric acid. 
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BLUEIKa AND GILDING STEEL. 

The mode employed in blueing steel is merely tc 
subject it to heat. The dark blue is produced at a 
temperature of 600^, the full blue at 500^, and the 
blue at 650^. 

Steel may be gilded by the following process : to 
a solution of the muriale of gold, add nearly as 
much sulphuric ether. The ether reduces the gold 
to a metallic state and keeps it in solution, while the 
muriatic acid separates, deprived of its gold, and 
forms a distinct fluid. Put the steel to be gilded 
into the ether, which speedily evaporates, depositing 
a coat of gold on the metal by dint of the attraction 
between them. After the steel has been immersed 
it should be dipped into cold water, and the burnisher 
should be applied, which strengthens its adhesion. 
Figures, flowers, and all descriptions of ornaments 
and devices, may be drawn on the steel by using the 
ether with a fine camel-hair pencil, or writing pen. 
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TO HARDEN STEBL DIES. 

A VESSEL holding 200 gallons of water, is to be 
placed at the height of 40 feet above the room in 
which the dies are to be hardened. From this vessel 
the water is conducted through a pipe of one inch 
and a quarter in diameter, with a cock at the bottom, 
and nozzles of different sizes to regulate the dia- 
meter of the jet of water. Under one of these 
place the heated dies, the water being directed on 
to the centre of the upper surface. By this process 
the die is hardened in a way as best to sustain the 
pressure to which it is to be subjected; and the 
middle of the face, which by the old process was 
apt to remain soft, now becomes the hardest part. 
The hardened part of the dies so managed, were it 
to be separated, would be found to be in the seg- 
ment of a sphere, resting in the lower softer part, 
as m a dish, the hardness, of course, gradually de- 
creasing as you descend towards the foot. Dies 
thus hardened, preserve their form till fairly worn 
out. 
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PORTABLE GLUE. 

Boil one pound of the best Russian glue, and 
strain. Then add half a pound of brown sugar, and 
boil thick. When cold, the compound may bie poured 
into small moulds, and afterwards cut into pieces. 

This glue is very soluble in warm water, and is 
particularly useful to artists for fixing their drawing- 
paper to the board. 



PREVENTION OF CORROSION. 

The best means of preveinting corrosion of metals 
18 to dip the articles first into a very dilute nitric 
aeidy to immerse them afterwards in linseed oil, and 
to allow the excess of oil to drain off. By this pro- 
cess metals are effectually prevented from rust or 
cxidation. 
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CBMBNT. 



Mix ground white lead with as much finely-pow- 
dered red lead a* will make it pf the consistence of 
soft putty. 



Sk)T,nBLE GLASS. 

What is called soluble glass is now beginning to 
come into use as a <joFering for wood and other 
practical purposes. T* is composed of 15 parts of 
powdered quartz, 10 parta of potash, and 1 part of 
charcoal. 

These are melted together, worked in cold water, 
and then boiled with 5 parts of water, in which it 
entirely dissolves. It is then applied to wood-work, 
or any other required substance. As it cools it 
gelatinises, and dries up into a transparent, co^^ur- 
less glass, on any surface to which it has berr ip- 
plied. It renders wood nearly incoifv'^w^iVU 
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JAPANNING. 

First. Provide yourself with a small muUer and 
.«*tone, to grind any colour that you may require. 

Secondly, Prepare yourself with white hard var- 
nish, brown varnish, turpentine varnish, Japan gold 
size, and spirit of turpentine, which you may keep 
in separate bottles until required. 

Thirdly, Provide yourself with flake white, red 
lead, Vermillion, lake, Prussian blue, king's and 
patent yellow, orpiment, spruce and brown ochre, 
mineral green, verditer, burnt umber, and lamp- 
black. 

Observe that all wood-work must be prepared 
with size, and some coarser material mixed with it, 
in order to fill up and harden the grain of the wood 
— such, indeed, as may best suit the colour intended 
to be laid on — ^which must be rubbed smooth with 
glass-paper when dry ; but in case of accident it is 
seldom necessary to resize the damaged places 
unless they are considerable. 

With the foregoing colours you may match always 
any one in use for japanning, always ^^bserving to 
grind your colours smooth in spirit of turpentf i># S 
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add a small quantity of turpentine and spirit varnish, 
and lay it carefully on with a cameFs-hair brush, 
then varnish with brown or white spirit varnish, 
according to colour. 

For a black, mix up a little size and lamp-black, 
and it will bear a good gloss without varnishing 
over. To imitate black rosewood, a black ground 
must be given to the wood, after which take some 
finely levigated red lead, mixed up as before directed, 
and lay on with a flat, stiff brush, in imitation of 
the streaks in the wood ; after which take a small 
quantity of lake, ground fine, and mix it with brown 
spirit varnish, carefully observing not to have more 
(!olour in it than will just tinge the varnish ; but 
eliould it happen on trial to be still too red, you 
may easily assist it with a little umber, ground very 
fine, with which pass over the whole of the work 
intended to imitate black rosewood, and it will have 
the desired effect. If the work be done by a good 
japanner, according to the foregoing rules, it will, 
when varnished and polished, scarcely be distin- 
guished from the real wood. 
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1*0 PRESERVB POLISHED STEEL FROM BU0f. 

Mix some oil with caoutchouc; melt in a close 
I'cssel, stirring to prevent burning. A high tem- 
perature will be required. This will form a perfect 
air-proof skin over the surface, which may very 
•asily be removed by brushing with warm oil of 
turpentine. 



CEMENT FOR ATTAOHINa METAL TO GLASS. 

Take two ounces of a thick solution of glue^ 
and mix with one ounce of linseed oil varnish, oi 
three-quarters of an ounce of Venice turpentine. 
Boil together, agitating until the mixture becomes 
as intimate as possible. The pieces cemented should 
be fastened together for the space of forty-eight or 
sixty hours. 
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Yi^RNISH FOB COLOURED DBAWIN08. 

Canada balsam, one ounce ; oil of turpentine, i . 
ounces. Dissolve. Size the drawings first with & 
jelly of isinglass, and when dry apply the varnish, 
which will make them look like oil paintings. 



JAPANNEBS' COPAL VABNISH. 

Take of the best pale African copal, seven pounds ; 
fuse ; add two quarts of clarified linseed oil. Boil 
for a quarter of an hour, remove it into the open 
air, and add three gallons of boiling oil of turpen- 
tine. Mix well, then strain into the cistern, and 
cover up immediately. 



SOFT VARNISH. 



Callot's soft varnish for etching: — ^linseed oil, 
four ounces ; and half an ounce each of gum benzoin 
and white wax. Boil to two-thirds. 



320 BRASS AND IRON FOUNDER. 



HARD VARNISH. 



Callot's hard varnish for etching: — Take four 
ounces each of linseed oil and mastic, and melt to- 
gether. 



FLEXIBLE VARNISH. 



Flexible varnish for balloons, &c. : — India-rubbei 
in shavings, one ounce ; mineral naptha, two pounds. 
Digest at a gentle heat in a close vessel until dis- 
solved, then strain. 



FRENCH POLISH. 

Dissolve one part of gum-mastic, and one part 
of gum-sandarach, in forty parts of spirits of wine, 
and then add three parts of shell-lac. This process 
may be performed by putting the ingredients into a 
'oosely corked bottle, and then placing it in a vessel 
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of water a little below 173® Fahrenheit, or the boil- 
ing point of spirits of wine, until the solution be 
eifected. 



BRUNSWICK BLACK. 

Foreign asphaltum, forty-five pounds; drying 
oil, six gallons ; and litharge, six pounds. Boil for 
two hours, then add dark gum amber (fused), eight 
pounds ; hot linseed oil, two gallons. Boil for two 
hours longer, or until a little of the mass, when 
cooled, may be rolled into pills. Then withdraw 
the heat, and afterwards thin down with twenty-five 
galloD& of oil of turpentine. Used for iron- work, &c 



MORDANT VARNISH. 



Takb one ounce of mastic, one ounce of sanda- 
rach, half an ounce of gum-gamboge, and a quarter 
of an ounce of turpentine. Dissolve in six ouncea 
of spirits of turpentine. 



21 



S22 BRASS AND IRON FOUNDER. 



ANOTHER. 

Flaoe a quantity of boiled oil in a pan, and subject 
ic to a strong heat. When a disengagement of black 
smoke takes place, set it on fire, and in a few moments 
extinguish it, by covering over the pan. Then pour 
the matter while heated into a bottle, previously 
warmed, adding to it a littie oil of turpentine. 



ANOTHER. 

Mix asphalte and drying oil, diluted with oil of 
turpentine. For bronzing, or very pale gilding. 



ANOTHER. 

Take a quantity of camphorated copal varnish, 
and add a little red lead. 



ANOTHER. 

Dissolve a little honey in thick glue. For gild- 
ing, &;c. 



SUPERIOR aREBN TRANSPARENT VARNISH. 

The beautiful, transparent green varnish em- 
ployed to give a fine glittering colour to gilt or 
other decorated work, may be prepared as follows : 
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Grind a small quantity of Chinese blue with about 
double the quantity of finely powdere J chromate of 
potash, and a sufficient quantity of copal varnish 
thinned with turpentine. The mixture requires the 
most elaborate grinding or incorporating, otherwise 
it will not be transparent, and therefore useless for 
the purpose to which it is intended. The "tone" 
of the colour may be varied by an alteration in the 
proportion of the ingredients. A preponderance of 
chromate of potash causes a yellowish shade in the 
green, as might have been expected ; and vice versa 
with the blue, under the same circumstances. This 
coloured varnish will produce a very striking efiect 
iD japanned goods, paper-hangings, &c., and can be 
made at a very cheap rate. 



ETCHING VABNISH. 

Take of white wax, two ounces ; and of black 
and Burgundy pitch, each half an ounce. Melt to- 
gether, adding by degrees two ounces of powdered 
asphaltum. Then boil until a drop taken out on a 
plate will break when cold, by being bent double 
two or three times between the fingers, when it must 
he poured into warm water, and made into snHkli 
balls for use. 
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COLORING BRASS A DEEP BLXTE. 

A COLD method of coloring brass a deep blue is as 
follows : 100 grammes of carbonate of copper and 
750 grammes of ammonia are introduced in a decan- 
ter, well corked, and shaken until dissolution is ef- 
fected. There are then added 150 cubic centimeters 
of distilled water. The mixture is shaken once 
more, shortly after which it is ready for use. The 
liquid should be kept in a cool place, in firmly closed 
bottles or in glass vessels, with a large opening, the 
edges of which have been subjected to emery friction 
and covered by plates of greased glass. When the 
liquid has lost its strength, it can be recuperated by 
the addition of a little ammonia. The articles to be 
colored should be perfectly clean ; especial care 
should be taken to clear them of all trace of grease. 
They are then suspended by a brass wire in the 
liquid in which they are entirely immersed, and a to- 
and-fro movement is commuticated to them. After 
the expiration of two or three minutes they are taken 
from the bath, washed in clean water, and dried in 
sawdust. It is necessary that the operation be con- 
ducted with as little exposure to the air as possible. 
Handsome shades are only obtained in the case of 



PATTERN-MAKING. 325 

brass and tombac — that is to say, copper and zinc 
alloys. The bath cannot be utilized foi coloring 
bronze (copper-tin), argentine, and other metallic 
alloys. 



ON PATTERN-MAKING— CONTRACTION OF METALS, ETC 

It is necessary to make patterns in some degree 
larger than the intended castings, to allow for their 
contraction in cooling, which equals from about the 
ninety-fifth to the ninety-eighth part of the length, 
or nearly one per cent. This allowance is very 
easily and correctly managed by the employment 
of a contraction-rule, which is made like a sur- 
veyor's rod, but one-eighth of an inch longer in 
every foot than ordinary standard measures. By 
the employment of such contraction-rules every 
measurement of the pattern is made proportionally 
larger without any trouble of calculation. 

When a wood pattern is made, from which an 
iron pattern is to be made, the cast being intended 
to serve as the permanent foundry pattern, as there 
are two shrinkages to allow for, a donble contrac- 
tion-rule is employed, or one the length of which 
IS one-quarter of an inch in excess in every foot. 
These rules are particularly important iu settm^ 
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out alterations in, or additions to, exising ma 
chinery. The latter is measured with the common 
rule, and the new patterns are set out to the same 
nominal measures, with a single or double contrac- 
tion-rule^ as the case may be — the three being made 
in some respects dissimilar, to avoid confusion iL 
their use. The entire neglect of contraction-rules 
incurs additional trouble and uncertainty. The 
contraction of brass is nearly three-sixteenths of 
an inch in every foot, but from the small size of 
brass castings the contraction-rule is less required 
for them, as the differences may be easily allowed 
for without it. Iron castings weigh about fourteen 
times as much as the ordinary deal and fir patterns 
from which they are made — that being nearly the 
ratio of the specific gravities of those materials. 

In reference to the qualities of Iron, it may be 
worthy of remark, that the same mixture of iron 
will be found to differ very much according to the 
size of the objects in which it is cast. Iron which 
in a plate one-fourth of an inch thick may be quite 
brittle and hard, will mostly be of good, soft, and 
useful quality in a stout bar, or plate of two or 
three inches thick. Thick castings are necessarily 
slow in cooling, and are seldom very hard unless 
intentionally made so. 
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Between the extremes (aaj three parts oi pig- 
iron to one of old, or three parts of old iron to one 
of pig-iron), various qualities may be selected. In 
castings for machinery, the general aim is to obtain 
a strong, sound, and tough iron. Mixtures of this 
nature which are used for iron ordnance, are called 
gun-raetal amongst the gnn-foundera. 
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The power of conducting heat is considerably 
■eas, in red -hot iron, than in copper and braaa ; and 
'herefore the moulds for the latter require to be in 
i drier condition than those which may be used for 
iron But in either case, the presence of superfluous 
moisture is always attended with some danger to 
the individual, as well as to the work. Iron foun- 
ders may use their moulds with safety when sensi- 
bly more moist than is admissible for brass and 
copper castings. It is oocfirmatory of the fact, that 
the more dense the mould, the drier it must be — as 
the sand used by iron-founders is also coarser, and 
therefore more porous than that employed by 
brass-founders. 
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No8. 1, 2, and 3, are for making gilt articles ; 4, French 
mixtare for sirord-handlea, £c. ; 5, Okar metal near Ooslar, 
in the Hartz ; G, Yellow tombac for Pftrisian gilt omamenta i 
7, Hanoverian; 8, Ohryso chalk ; 9, Paris tombac; aad 10 
the red tombac or Yienita. 



ON SAND-GOBE HOULDINQ, BLACEKNINO, STO. 

AxoNGST the great variety of work daQominated 
7reen-saiid moulding, much and raried oontiivaiKM 
la diaplayed in the structure of the moulda. In 
particular, the maaagemeiit of cores is a matter of 
very considerable importance, and the malformatioa 
of them is a prolific source of failure iu the pro- 
duction of sound castings. 

Cores are especially useful for forming vacancies 
in castings. Their forms may be long, and pro- 
portionably small in diameter or winding and 
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wtherwiae intricate ; and seeing that they are neces- 
sarily snrroiancled by the metal wheo cast, they 
ought to have, as much as may be, the qualities of 
firmness of substance and openness of pores. Cores 
are commonly composed of roek-sand and sea-sand. 
The former having a proportion of clay in its 
composition, to which it owes its powerful cohe- 
sivenesa when dried, serves very well for short 
cores that rest on the green sand at both ends, as 
open coraniunication with it is thus afforded for 
the free escape of the air in the interstices of t'le 
cores. 

But when rock-sand is u-sed for cores of a con- 
iiderabie length (which, of course, nre surrounded 
on all sides by the metal, except the small imbed- 
ded portions at the extremities, by which alone the 
lur can escape), it requires to be moderated by the 
admixture of free-sand, as a couuteractaut to the 
clay. The clay communicates the necessary cohe- 
sivenesa to the material of the core ; the sand, on 
the contrary, loose and open, renders it leae binding 
and more porous. Free-sand alone is also employed 
in the construction of confined cores, that they may 
ai'itirward be oasiiy extracted, as the sand ban 
naturally no power of oohosion. 

WaiitiDg cohe&ivciiess, it mutt bs tempered lo * 
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proper consistency by the addition of clay anJ 
wrater, yeast, flour, or the refuse of pease-meal, used 
for light flat moulding purposes. In the use of 
the latter materials, it must be accurately propor- 
tioned to the sand with which it is mixed. The 
clay-water is, in ordinary cases, made use of as a 
cement, and the yeast only in very particular cir- 
cumstances. For large compact masses of core 
the common green sand may be used. 

The longer cores are stiffened by iron wires ana 
small rods, which are bent, if necessary, to the form 
of the cores. .These rods are dipped in clay- wash, 
and enveloped in the core in the progress of its 
formation, and are afterward extracted from the 
casting. The cores of considerable length are 
pierced longitudinally by wires for the " escape of 
the air ;" or in cases where this is impracticable, on 
account of bends or angles in the core, a piece of 
string is laid in the sand alongside the stiffening 
wires, which is afterward drawn out, when the core 
is dry, leaving its perforation behind it. With all 
these precautions, securing the strength of the cores 
and letting off the air, your castings have every 
chance of being good, and free from blow-holes 
When the bearings of cores at the extremities are 
considered unfi"^ for steadying them, they are fiir- 
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iher sustained by staples struck into the sand at 
several places in their length, and projecting above 
it just as much as the thickness of metal, the core 
is placed upon them, and sustained steadily in its 
place. The staples are, of course, buried in the 
casting, and the projecting points outside cut off in 
the course of dressing it. Ohaplets are used to bear 
up cores having plain surfaces. Another set of 
chaplets, or staples, are placed in the cope, and well 
secured at the, back, when the flask is closed, firmly 
fixed, and in contact with the upper half of the 
core. It is thus prevented from floating off its 
seat when immersed in the fluid metal, and pre- 
vented from springing. This is ac matter of greater 
moment than the mere sustaining of the core from 
below, as will be apparent on considering the great 
difference of specific gravities of sand, dry loam, 
and iron or brass. 

In this case, the upward effective pressure of the 
fluid metal upon the core is proportional to the 
difference of their specific gravities, which, being 
so much in favor of metal, the pressure upward, 
sustained by the chaplets, cannot be much less than 
the weight of a body of metal of the same bulk as 
the core, for the support of which they are des- 
tined in brass -founding particularly, great care 
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should be taken that the staples and chaplets are 
sufficiently strong. Should they be too slightly 
made, they will bend or melt before the hot metal, 
and prove entirely useless. This is too often neg- 
lected. 

Ordinary black-wash for cores consists of oak 
charcoal, powdered, and a little clay, diluted with 
horse-dung water. Blackening for moulds is often 
composed of finely ground plumbago, mixed with 
h little charcoal, ihe whole diluted with a solution 
of the soluble parts of horse-dung. This is fre- 
quently mixed with pease-meal, or other meal, glue, 
and extracts from the refuse of tanneries. But all 
these compositions are more or less too close, and 
cause a dull surface to the cast. The first is the 
best, if applied not too much diluted. Blackening, 
or a coating of carbon, will prevent the burning of 
the sand, and consequent roughness of the casting, 
as it fills the pores of the sand. A little plumbago 
mixed with it makes it more refractory still, and is 
very desirable where a great body of metal sur- 
rounds a small core. 

One part of clay mixed with nine parts of free- 
sand, or any other pure sand, is considered suffi 
ciently strong for core sands. Still, these properties 
depend very much on the nature of the sand and 
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the adhesiveness of the clay, and also what kind 
of cores are to be made from it — large and compli- 
cated cores being made stronger than small ones. 

The various kinds of good moulding-sand em- 
ployed in foundries for casting iron or brass, have 
been found to be of an almost uniform chemicai 
composition, varying in grain or the aggregate 
form only. It contains between 93 and 96 parts 
silex, or grains of sand, and from 3 to 6 parts of 
clay, and a little oxide of iron in each 100 parts 
Moulding-sand which contains lime, magnesia, and 
other oxides of metal, is not applicable, particu- 
larly for the casting of iron or brass. Such sand 
is generally either too weak or too close — will not 
stand or retain its form, or it will cause the metai 
to boil through its closeness. 

In practice, different kinds of castings require 
different kinds of sand for the purpose of mouid 
ing, whioh will famish the subject for another 
ftrticla 
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ON WASHING SWEEPINGS, ASHES, ETC., FROM BRASS 
FOUNDRY FURNACES — GILDERS' AND JEWELLERS' 
WORKSHOPS — AND PLACES WHERE METALLURGIC 
OPERATIONS ARE CARRIED ON. 

The clinkers, ashes, or cinder?, which remain in 
furnaces after metallurgic operationa have been com- 
pleted, may appear to be among the most useless 
things. Not so, however. If they contain any 
metal, there are men who will ferret it out, by some 
means or other. Not many years since, the ashes 
of the coal or coke used in brass and bronze fur- 
naces, were carried away, after picking, as rubbish. 
But shrewd people have detected a good deal of 
volatilized copper, &c., mixed up therewith, and 
tne brass founder can now find a market for his 
ashes as an inferior kind of ore ; or which is still 
more preferable, in case of slackness of work, can 
cleanse and smelt them himself; which every brass 
founder can (or at least, ought to know how to) do. 
It needs hardly to be stated, that all sorts of filings 
and raspings, cuttings and clippings, borings and 
turnings, and odds and ends in the metallic form, 
are all available for re-melting, whatsoever the 
me^al may be ; all is grist that comes to this mill 
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If the metal be a cheap one, it will not pay to ex- 
tricate a stray per centage from ashes and clinkers; 
but if it be one of the most costly metals, not only 
are all scraps and ashes and skimmings preserved, 
but particles are sought for in a way that may well 
astonish those to whom the subject is new. 

Take gold si^ an example. There are dealers who 
sedulously wait upon gilders and jewellers, at inter- 
vals, to buy up every thing (be it what it may) 
which has gold in or upon it. Old and useless gih 
frames are bought ; they are burnt, and the ashes so 
treated as to yield up all their gold. The fragments 
and dust of gold, which arise during gilding, are 
bought and refined. The leather cushion which 
the gilder uses, is bought, when too old for use. for 
the sake of the gold particles which insinuate them- 
selves into odd nooks and corners. The old leather 
apron of the jeweller is bought. It is a rich prize ; 
for in spite of its dirty look, it possesses very aurif- 
erous attractions. The sweepings of the floor of a 
jeweller's workshop are bought, and there is proba- 
bly no broom, the use of which is stipulated for 
with more strictness, than that with which such a 
floor is swept. In short, there are in this world, 
(and at no time so much as at present) a set of very 
useful people, who may be designated as maLufac 
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tunng scavengers. They clear away refuse, which 
would else encumber the ground, and they put 
money into the pockets both of buyers and sellers , 
they do effectually create a something, out of a com- 
mercial nothing. It is essentially necessary, how- 
ever, for the brass founder (should he employ a 
smelter of metals to wash his foundry ashes, his 
own man being too busily engaged in the moulding 
shop) to have them cleansed and smelted on his own 
premises, as he will effect a considerable saving 
thereby, beside have a very superior metal, than 
if washed off the premises and returned after smelt- 
ing. The reason is obvious: crucibles generally 
break before the tin, zinc, or lead is added to the 
copper, which is always melted first ; this being the 
case, the smelter has an opportunity (and rarely fails 
to advantage by it) of reducing the alloy with the 
inferior metals, at the cost of the employer. There 
is great room for trickery here, and I have known 
brass founders themselves (and clever ones at that), 
who could not detect the imposition. Every brass 
founder ought to be capable of washing and smelt- 
ing his own refuse and shop dirt. This may be 
done (as before stated) at any period of the year, 
and find him employment when he might otherwise 
have nothing to do in the moulding shop as well 



FLUXES. 837 

«i save hiR employer from laying out cash for that 
irhicli he has at home, if only gathered together. 



CORNISH REFINING FLUX. 

DEFLAGRATE; and afterward pulverize, two parts 
of nitre, and one part of tartar. The following fluxes 
answer the purpose very well, provided the ores he 
deprived of all their sulphur, or if they contain 
much earthy matter; because in the latter case 
thev unite with them, and convert them into a thin 
glass, but if any quantity of sulphur remain, these 
fluxes unite with it, and form a liver of sulphur, 
which has the power of destroying a portion of all 
the metals ; consequently, the assay must be, under 
such circumstances, very inaccurate. Limestone, 
feldspar, fluor-spar, quartz, sand-slate, and slugs, 
are all used as fluxes. Iron ores, on account of the 
argillaceous earth they contain, require calcareous 
additions ; and the copper ores, rather slugs, or vit- 
rescent stones, than calcareous earth. 



CRUDE, OR WHITE FLUX 

One part nitre, to two parts tartar, mixed weU 
together. 

22 
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BLACK FLUX. 

The above flux detonates by means of kin lied 
charcoal, and if the detonation be effected in a mor- 
tar slightly covered, the smoke that arises unites 
with the alkalized nitre and the tartar, and renders 
it hhck. 



CORNISH REDUCING FLUX 

Mix v/ell together, 10 ounces of tartar, 3 ounces 
and 6 drachms of nitre, and 3 ounces and 1 drachm 
of borax. 



IMITATION SILVER METAL. 

4J pounds tin, \ pound bismuth, J pound anti- 
mony, J pound lead. This metal retains its silvery 
brilliancy to the last. 



ON CASE-HARDENING IRON. 

Case-hardening iron is done by reducing the 
prussiate of potash to a paste, in a little water 
smearing over your article, and heating it in the 
&re to a dull red heat, and tiien dip in cold water. 
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VARNISH FOR IRON. 

The best varnisli for iron is red lead, laid oil 
first with a very thin coat, left to dry, then give 
one or two more coats. 



VARNISH FOR POLISHED IRON. 

Use common gum copal varnish. You may mix 
a little oil in it. 



TO PRESERVE GUM ARABIC SOLUTIONS. 

A FEW drops of alcohol, or any essential oil, will 
preserve a quart of the mucilage of " gum Arabic^^ 
or "gum TragacantK'* from spoiling. A small quan 
aty of dissolved aZum will preserve flour paste. 



BEST COMPOSITION OF BRASS FOR ROLLING AND 

FORGING. 

Any proportion between the extremes of 50 
parts copper and 50 parts zinc, or 62 copper and 
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38 zinc, will roll and work at the red t^at. The 
very best composition, however, is 60 parts copper 
to 40 parts zinc. 



REMARKS ON THE FLUXING OF METALS. 

Metals are contained in the ores, in most cases 
as compounds, and if it is the object to separate 
them, we are to put such matter in contact with 
them, as will deprive the metal of its coinpounti. 
If a silicate of iron is melted, we do not precipitate 
iron by adding carbonate of soda, or caustic lime, to 
the fluid mass ; this addition merely increases the 
fluidity of the slag, without producing any metal 
But if we add sodium, the oxide of iron will be de 
prived of its oxygen, and form metal. Carbon has! 
more affinity for oxygen than meialy in the high heal 
of a melted silicate. If, therefore, we add carbon to 
the melted silicate of iron, some iron is produced. 
In all cases, the metal requires a slimy, glassy sub- 
stance coating, to protect it against the influence of 
oxygen, when exposed in small particles to that 
influence. 

Almost all metals burn more readily than carbm 
— gold, the platina metals, and silver, in some uieas* 
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are, excepted. If, therefore, we desire to obtain a 
metal, we must produce a slagy which protects it, 
and at the same time admits of its coagulation. I 
would strongly recommend the founder to use as 
general flux (for copper foundings, particularly 
where large masses of copper have to be melted, 
prior to adding his tin and zinc), sal. enixum (the 
refuse from aqua-fortis), to be obtained at most of the 
chemical works, at a trifling cost. I know of nothing 
to equal it. This, with charcoal, surpasses every 
thing dse. 



TINNING CAST COPPER, OR BRASS. 

Cast-iron may be tinned by a solution of tin, 
as muriate of tin, mixed with an equal part of 
sal-ammoniac, if brushed over the metal, will highly 
further the operation of tinning; i. e., make a solu- 
tion tin, by dissolving oxide of tin (tin putty) in 
potash ley — adding to the saturated solution some 
tin-shavings or filings. Make this hot as possible ; 
place in your brass or copper, and they will be 
Hfmed in a few seconds. 
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The following table of experiments on the teuaoi 
ties of metals, is given with the results, and the 
experimenters' names. 



In tons, 2240 lbs. 


Experimenters 


Oast copper, .... 


8-J 


Sir J. Rennie. 


Hammered copper, — 


15-0 


« 


Sheet copper, 


21-0 


Kingston. 


Wire copper, .... 


27-0 


«( 


Wire platina, ..., 


17-0 


Gnyton. 


Cast silver, .... 


18-0 


(( 


Wire " 


17-0 


(( 


Oast gold, .... 


9-0 


« 


Wire " 


14-0 


(( 


Hard gnn metal, .... 


16-0 


Sir J. Eennie. 


Pine yellow brass, . . . , 


8-0 


(( 


Oast tin, 


2-0 


(« 


Wire tin, .... 


3-0 


(( 


Oast-iron, No. 1, 


. 6 to 7} ..., 


Hodgkinson. 


Oast-iron, No. 2, 


. 6to8 ..., 


Hodgkinson. 


Oast-iron, No. 3,* ... 


. 6to9| ..., 


Hodgkinson. 


The aboye tests t 

• 


ire on bars one incl 


1 square. 



* The strongest quality of cast-iron, is a Scotch iron 
known as the *• Devon Hot Blast," No. 3. Its tenacity is 
9f tons per square inch. Its resistance to compression is 
65 do. The experiments of Major Wade,t on the gun-iron 
at West Point foundry, and at Boston, give to us results as 
high as, 10 to 16 tons, throughout, and on small cast bars as 
high as 17 tons. 

t Strength and other Properties of Metals for Cannon. 4to« Phi]» 
Oalphia: H. C. Baird. 1856. 
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ON BBDUCING COPPER WITH WHITE ARSBNIO. 

In reducing copper scraps with white arsenic, 
for buttons, ornaments, candlesticks, clock dials, 
figures, &;c., &c., to give them the color of silver 
the whole should be brought down under a flux of 
common salt. The metal is very highly poisonous^ 
and should not in any case be used for cooking 
utensils. Arsenic being more fiisible and brittle, 
is much used in shot factories, in the proportion of 
IJ lbs. arsenic to 500 lbs. of lead for small shot, 
and S lbs. of arsenic to 500 lead for large shot. 



TIN AND ZINO. 

Tin and zinc will waste more than copper in 
re-melting metals. To prevent this as much as 
possible, a flux of potash and soda, freely mixed 
with charcoal, in the proportion of two ounces to 
the hundred pounds of metal, should be added im- 
mediately aflber the mass is melted, to prevent oxi- 
dation, and loss of strength and beauty. The 
quicker the metals are reduced under a good flux, 
and cast into work, the more perfect will be the 
crystallization and homogenity. If zinc is to be 
added after the crucible is taken from the fire (in 
casting brass work), it is best to introduce it in the 
form of yellow brass. 
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half an ounce of "gum mastic," in a phial bj 
itself; one part spirits and half an ounce of "guK 
sandarach" in another phial ; one part spirits and 
half an ounce of the whitest parts of "gum Benja- 
min." Then mix and temper to your mind. No 
rule can further instruct you, unless the quality of 
the gums and spirits could be ascertained. It 
would not be amiss to add a very small piece of 
" white rosin," or clear " Venice turpentine," in the 
mastic bottle ; it will assist in giving a gloss. If 
your varnish should prove strong and thick, add 
clear spirits; if too hard, pour from the mastic 
bottle ; if too soft, a little from the sandarach or 
Benjamin. When you have brought it to a proper 
temper and ready for use, warm the plate on a hot 
heater, and with a camel's hair brush dipped in the 
varnish, stroke it quickly over until no shades 
appear. 
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ON THE STRENGTH OF MATERIALS 

BY C« A« KEBi C* E. 

All solid bodies are proved to be possessed of 
certain general properties, among the most im- 
portant of which is the capability of oflfering 
resistance to forces tending to change the relative 
position of their . particles. It is this that it is 
proposed to discuss. 

There are different hypotheses as to the ultimate 
arrangement of the particles of bodies, but for 
estimating their strength it is customary to sup- 
pose them to be made up of fibres running parallel 
to the length of the body — which fibres are more 
or less elastic, and capable of being extended or 
compressed within a certain limit, which is called 
the "limit of elasticity." The amount of compres- 
sion or extension is directly proportional to the 
force applied, and to the length of the piece, and 
inversely proportional to the transverse section. It 
must be understood, however, that these changes 
of form are very minute, depending on the nature 
of the material in question. Moreover, the same 
force will produce equal extensions and compres- 
sions in the same piece. Suppos«* we take a bar 
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HATKBIAL. 
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The preceding lable has been prepared from the 
highest authorities — Morin, Poncelet, Claudel, Bar- 
low, Ho<lgfcinson, Franklin Institute, and others, 
and the utmost reliance may be placed upon it. I* 
has been prepared especially for the practical use 
of American mechanics. The numbers in the fifth 
and sixth columns are those recommended by the 
most eminent engineers and practical men both in 
this country and Europe. 

With regard to the absolute ultimate strength 
of materials, it is proper to state that they vary 
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very much for different specimens of the same 
material. This applies more especially to wood 
but also in some degree to all substances. It de- 
pends much on the state of 'the specimen. Foi 
instance, in the following table will be found the 
result of experiments made on short cylinders of 
timber, with flat ends, subjected to a compressive 
force. The cylinders were one inch in diameter 
and two inches in height. The results iu the first 
column were obtained from timber moderately dry; 
those in the second column were obtained in like 
manner from similar specimens which were turned 
and kept in a warm place two months longer. A 
comparison of the two columns will show the great 
importance of having timber thoroughly seasoned 
in order to obtain its full strength. 

Strength per sqaare 
inch, in ponnds. 

DESCRIPTION OF WOOD. , • 

Green. Dry. 

Ash 8683 . 9363 

Beech 7700 . 19300 

Birch 3200 . 11600 

Oak (Quebec) 4230 . 6000 

Oak (English) 6480 . 10000 

Larch 3200 . 5560 

Willow 2898 . 6128 

With regard to the safe amount of strain it ia 
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proper to charge materials with in constructions 
the engineer will be guided in each particular case 
by his judgment. It is impossible to give rules for 
every case. If, for instance, a piece of timber is 
to occupy a position where the strain upon it is 
steady, and it is exposed to no abrasion or decay 
supposing it to be a fair sound specimen, it might 
be submitted safely to a strain as high as one sixth 
or one fifth of its ultimate strength. But, ordi 
narily, this would be too high. The French meca- 
niciens, Poncelet, Morin, Claudel, and others of the 
highest authority, have agreed upon certain limits 
to be used in practice for all kinds of materials 
and which will be given below. This limit for 
wood is one tenth the ultimate strength. This is 
the same ratio recommended by Haupt in his work 
on Bridges, and which he found to be perfectly 
successful in practice, as combining a judicious 
legree of strength with the least quantity of ma 
terial. 

As the mean ultimate strength of wood may be 
rated at ten thousand pounds per square inch of 
section^ both for compression and extension, we 
have for our practical limit, not to be exceeded in 
ordinary cases of construction, one thousand pounds 
per square inch. Where timber is exposed to 

23 
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Other than the legitimate .^trains due to its position 
in the structure to which it belongs, and which we 
will show how to calculate farther on, the engineer 
must of course use his judgment, unless these ovl^ 
side forces are such as to be calculated. The limits 
spoken of above, are, for wood, stone, and mortars, 
one tenth their ultimate resistance both for exten- 
sion and compression, and one sixth for metals. 
As M. Poncelet has remarked, it would be more 
proper to determine these limits from the limits of 
elasticity of the several bodies, but experiments on 
this point have been made in but few instancea 



ON THE STRENGTH OP IRON. — CAST-IRON. 

This material, which has come to be used so ex- 
tensively in the arts and in constructions, and 
whose uses are daily extending, has been made the 
subject of a great number of experiments. The 
most recent and reliable are those of Mr. E. Hodg- 
kinson, the English experimenter. Those especially 
made by him on the strength of columns, both solid 
and hollow, and the most suitable forms for cast- 
iron beams to sustain a transverse strain, have sup- 
plied the engineer and architect with the mO0t 
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valuable guide in using and adapting this mttal to 
the various purposes of construction. 

Resistance to Extension, — Experiments have been 
made on this point by Mr. Kennie and Captain 
Brown, of England, and under the direction of the 
Franklin Institute in this country, and also by Mr. 
Hodgkinson of England. The first named gentle- 
man obtained for the ultimate tensile strength ot 
cast-iron, from 14,000 to 18,000 pounds per square 
inch of cross section. The results obtained by Mr. 
Hodgkinson, also on English iron, both hot and cold- 
blast, was from 12,000 to 19,000 per square inch. 

The experiments by the Franklin Institute on 
American cast-iron give for the mean tensile 
strength, 20,834 pounds per square inch. This 
material, however, on account of its brittleness, and 
comparatively low power of resistance to a strain 
of extension, is seldom ever submitted to it. It is 
much used in the shape of cast-iron beams, to resist 
a transverse strain, but this has been shown to be 
nothing more than a strain of compression on one 
part, and of extension on another part of the same 
piece. In large works, it would be much better to 
use a combination of cast and wrought-iron for re- 
sisting a transverse strain, the cast fcr compression 
and the wrought for extension. 
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Care must be taken however, that the difforeni 
degrees of expansion of these two materials by heat 
produce no injurious effects. The limit of elasticity 
as assigned by Claudel, is _Lth, and the force neces- 
sary to produce it 16,100 pounds per square inch. 
Some few remarks on the characteristics of cast- 
irop may not be out of place here. (They are 
mostly from the pen of Professor Mahan.) Cast- 
iron is divided into two distinct varieties, the white 
cast-iron and gray cast-iron. There are of course 
intermediate varieties, which partake more or less 
of the properties of these two, as they approach in 
appearance nearer the one or the other. 

Gray cast-iron when of good quality is slightly 
malleable in a cold state, and will yield readily to 
the action of the file, when the hard outside scale 
caused by the chill in casting is removed. It is 
also sometimes termed soft gray cast-iron; it is 
softer and tougher than the white iron. On strik- 
ing a sharp corner with the point of a hammer, an 
mdentation will be produced, when in the other 
variety a piece would fly out. When broken, the 
surface of the fracture presents a granular structure, 
the cclor is gray, and the lustre is what is termed 
metallic, resembling small brilliant particles of lead 
screwed over the surface. 
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While cast-irou is very hard and brittle; when 
recently broken, the surface of the fracture presents 
a distinctly marked crystalline structure. The coioi* 
is white, and lustre vitreous or glassy. 

The following description, from Mr. Mallet's Re- 
port to the British Association for the Advance- 
ment of Science, comprises the differeat varieties : 

*^ Silvery, — Least fusible, thickens rapidly, when 
fluid, by a spontaneous puddling; crystals vesicular 
often crystalline ; incapable of being cut by chisel 
or file; ultimate cohesion a maximum; elastic range 
a minimum. 

" Micaceous, — Very soft ; a greasy feel ; peculiai 
micaceous appearance, generally owing to excess 
of manganese; soils the fingers strongly; crystal* 
large ; runs ^^ery fluid ; contraction large. 

"Mottled, — Tough and hard; filed or cut with diffi 
culty ; crystals large and small mixed ; sometimci? 
runs thick ; contraction in cooling a maximum. 

** Bright Oray, — Toughness and hardness most 
suitable for working ; ultimate cohesion and elastic 
range generally are balanced most advantageously 
crystals uniform, very minute. 

'*Dull Oray. — Less tough than the preceding; 
othei charactf^rs alike ; contraction in cooling a 
minimum 
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"Dark Oray. — Most fusible; remains long fluid , 
exudes graphite in cooling ; soils the fingers ; crys 
lals large and lamellar ; ultimate cohesion a mini- 
mum ; and elastic range a maximum. 

"The gray iron is most suitable where strength is 
required; and the white where hardness is the 
principal requisite." 

The color and lustre presented by the surface of 
a recent fracture are the best indications of the 
quality of iron. 

A uniform middling dark gray color and high 
metallic lustre are indications of the best and 
strongest. With the same color, but less lustre 
the iron will be found to be softer and weaker, and 
to crumble more readily. Iron without lustre, of 
a dark and mottled color, is the softest and weakest 
of the gray varieties. 

" Iron of a light gray color, and high metallic 
lustre, is usually very hard and tenacious. As the 
color approaches to white, and the metallic lustre 
changes to -vdtreous, hardness and brittleness become 
more marked, until the extremes of a dull or gray- 
ish white color, and a very high vitreous lustre, are 
attained, which are the indications of the hardest 
und most brittle of the white variety. 

" The strength of cast-iron varies with its density 
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and this element depends upon the temperature of 
the metal when drawn from the furnace, the rate 
of cooling, the head of metal under which the oaat- 
ing is made, and the bulk of the casting, 

"The density of iron caat in venioal moulds 
increases according to Mallet's experiments, very 
rapidly from the top downward, to a depth of about 
four feet below the top ; from this point to the bot- 
tom, the rate of increase is very nearly uniform. 

"Ail other circumstances the same, the density 
ileoreases with the bulk of the casting ; hence large, 
are proportionally weaker than small castings. 
From all these causes by which the strength of 
iron may be influenced, it is very difBcult to judge 
of the quality of a casting by its external characters; 
m general, however, if the exterior presents a uni- 
form appearance devoid of marked inequalities of 
surface, it will be an indicntion of uniform strength." 

There has been considerable discussion with re- 
gard to the relative merits of hot-blast and cold 
blast iron. Messrs. Fairhairn and Hodgkinaon have 
investigated the matter, and their conclusions are 
expressed in the following paragraph: "The ulti 
malum of our inquiries made in this way stands in 
the ratio of striiugth, lOClO for the cold-blast to 
1024.8 for the hot-blast. The relative powers to 
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sustaiQ impact are likewise in favor of the Iiot-blask, 
being in the ratio of 1000 to 1126.3." 

The durability of cast-iron under exposure de- 
pends on different circumstances, the bulk of the 
casting, its homogeneity and density, &c. Mr. Mallet 
has made researches on this subject, and the follow- 
ing are the conclusions he arrived at : 

" That the decay of iron when exposed to the 
action of water, is principally due to Voltaic agen- 
cy, especially in tidal rivers, where there are strata 
of different densities, a Voltaic pile being thus 
formed of one solid body, and two fluid ones, 
making the corrosion much more rapid than where 
the water is homogeneous. Pure sea-water has 
much less action on iron than the water of harbors 
and docks, owing to the hydrosulphuric acid con- 
tained in the latter, and which comes from the mud 
at the bottom. In sea- water (pure) the rate of cor- 
rosion of pieces one inch thick, is four tenths of an 
inch for cast-iron, and six tenths for w rough t-iron 
per century. In fresh water the corrosive action is 
much less than under any other circumstances zi 
immersion, the coat of oxide formed on the outside 
not being dissolved and washed away as in sea- 
water, but remaining as a kind of protection. In 
hot soa- water, the corrosion is most rapid of any 
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other circumstances. Iron, i^hill-cast, corrodes more 
rapidly than when cast in green sand, by reason of 
the want of homogeneity of the metal, thus forming 
Voltaic couples of different densities. When soft 
and hard cast-iron are brought together under water, 
the soft is corroded much more rapidly than when 
by itself, while the hard suffers much less; castings 
made in dry sand are more durable in water than 
those made in green sand. From one eighth to one 
fourth of an inch on the outside of castings, is 
termed the hard crust. When this is removed, the 
iron corrodes much more rapidly. The chief pomt 
in making castings to be exposed to this agent, is 
to have them as homogeneous as possible, and of as 
great density." 

Mr. Mallet concludes with the following very ju- 
dicious remarks : " The engineer of observant habit 
will soon have perceived, that in exposed works of 
iron, equality of section or scantling, in all parts 
sustaining equal strain, is far from insuring equal 
passive power of permanent resistance, unless, in 
addition to a general allowance for loss of substance 
by corrosion, this latter element be so provided for, 
that it shall be equally balanced over the whole 
structure ; or, if not, shall be compelled to con- 
fine itself to portions of the general structure 
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which may lose substance without impairing its 
gfcability." 



COMPOSITION FOR SILVERING BRASS. 

Take silver, or gold lace, half an ounce; ada 
thereto one ounce of double refined aqua fortis' 
pijt them in an earthen pot, and place them over a 
gentle fire till all be dissolved, which will happen 
in about five minutes : then take it off and mix it 
in a pint of clear water, after which, pour it into 
another clean vessel to free it from grit or sediment 
and then add a spoonful of salt, and the green watei 
will immediately let go the silver particles, which 
will form themselves into a white curd. Then pour 
off the water and throw it away, for it is of no fur- 
ther use. The white curd must then be mixed with 
two ounces of salt of tartar, half an ounce of whiting, 
a; i ■- large spoonful of salt, more or less, according 
a;3 you find it for strength. Mix it well up together; 
and it is ready for use. 
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TO SILVER BRASS, 

Having well cleared the brass from all scratches 
(otherwise it will spoil its appearance), rub it over 
with a piece of an old beaver hat and rotten-stone 
to clear it from all greasiness ; then rub it with salt 
and water with your hand ; then take a little of the 
before-mentioned composition on your finger, and 
rub it over where the salt has touched, and it will 
adhere to the brass, and appear as well as silver. 
After which, wash and steep it in plenty of clear 
cold water, to kill the aqua fortis which remained 
in the composition ; and when dried with a clean 
hot rag, it is then ready to be varnished with the 
white lacquer. 



RESISTANCE TO COMPRESSION. 

The best authority on this point is Mr. Hodgkia- 
80Q, whose experiments were very full and varied. 
The trials were mostly on small columns with cir- 
cular bases. The resistance was found constant for 
a height less than once and a half the diameter of 
the base, from this to a height equal to three times 
the base ; the resistance was less than before, but 
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Still remained constant ; and for any height greater 
than this, the resistance decreased with the height. 
When the piece was higher than three times the 
base, the rupture generally took place by bending. 
The pieces submitted to experiment • generally 
yielded by an oblique fracture, the upper pan 
gliding off on the lower. The angle made by the 
plane of the fracture, with the axis of the solid, wah 
constant, and equal to about 55°. 

The strength was found to be in direct propor- 
tion to the area of the cross section. The measure 
therefore, of the resistance offered by a solid to rup- 
ture, either by compression or extension, is thai 
force which will rupture a sectional area of the 
solid represented by unity. The following are the 
results obtained by Mr. Hodgkinson. The mean 
of the experiments on hot-blast iron gave, for crush- 
ing weight, 121,685 ibs. per square inch ; cold-blasl 
iron gave a mean of 125,400 Ibs. per square inch. 
These were on short prisms, whose cross section 
was a circle. When the section was a square, or 
other regular figure, the resistance was decrease^ 
to 100,600 lbs. per square inch. 
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Table from Mr. Hodgkinson^s Ua^eriments. 



DI8CRIPTI0N OP HBTAL. 


1 

ComprcMlTe Foro« Teiuile Force perj 
per iqoare Inoh, sqaare ineh, ial 
mpoonda. . pounds. • 


BeTon iron. No. 3, bot-blast 

Baffery iron. No. 1, bot-blast 

Bo. " No. 1, cold-blast 

Bo. " No. 2, bot-blast 

Bo. " " cold-blast 

Garron iron, ** bot-blast 

Bo. " '« ccld-blast 

Bo. *' No. 3, bot-blast 

Bo. «' " cold-blast 


146,436 

66,397 

93,386 

82,734 

81,770 

108,640 

106,376 

133,440 

116,442 


21,907 
1.3,4.34 
17,466 
16,676 
18,866 
18,606 
16,683 
17,766 
14,200 



Resistance to a Transverse strain, — The resistance 
of cast-iron to a transverse strain, is a subject of 
the highest importance to the engineer and archi- 
tect. Indeed, to prove this, it is only necessary to 
point to the daily extending uses of this material 
in almost every possible shape, and it is well known 
that cast-iron is seldom, if ever, submitted to any 
other than a transverse strain, as in cast-iron beams, 
girders, &c., and a strain of compression, as in 
columns, which will be investigated farther on. 

The theory of the transverse strain has been fully 
investigated; and great numbers of experiments 
have also been made on this point, so that among 
mechanics the matter is considered as sufficiently 
settled. 

The remarks below apply to other materials, as 
well as to cast-iron. 
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Let A B be a body to which a force, P, ^•s ap- 
plied, in a direction perpendicular to the direction 
of the fibres. Supposing the force to be sufficient 
to bend the body, as in the figure, the fibres a b, on 




r 



Fig. 11. 

the upper side, will be extended, while those, c o, 
on the lower side, will suffer a strain of compres- 
sion. This can be made evident; for, by increasing 
the weight P, until a fracture takes place, the rup- 
ture will be found to commence on the convex side, 
thereby proving that the fibres on that side have 
been most extended ; and if some of the fibres on 
the convex side be separated by cutting them 
through transversely, it will be found that a 
smaller force than P will suffice to produce the 
rupture. 

If, on the contrary, the fibres on tht? concave 
Bide, cc^ be cut through transversely to a depth, m n 
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corresponding to about half t!ie depth of the piece, 
and a slip of hard material like a sheet of iron he 
interposed, so as to just fill the place cut out, it 
will be found, on subjecting it again to the force P 
that the thin plate will be strongly retained by a 
pressure lending to compress it, while the strength 
of the solid will not be altered — the rupture com- 
mencing under the same strain, and in the same 
place as before, As we proceed from the convex 
toward the concave side of the solid, the extension 
of the fibres will gradually become less, until at a 
point at or near the centre of the pieoe, the length 
of the fibres will be found to undergo no variation. 
Beyond this distance, the fibres will be found to be 
more and mure oompressed, until we arrive at the 
concave side, where the compression will be at its 
maximum. The position of the fibres, whose form 
is net altered by the flexure, and represented by 
the line e / ia called the neutral axis. Ita 
position varies for different substances, but for 
practical purposes may be considered to coincide 
with the centre of gravity of a transverse section 
of the solid. 

The fibres, whose lengths are not altered, we 
contained before the flexture in a plane perpwi- 
dicular to the direction of the pressure, and which, 
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of course, contains the neutral axis, as one of its 
elements. After the flexure, these fibres form a 
cylindrical surface, whose elements are parallel to 
the same plane. 

Moreover, the fibres, at equal distances above and 
below this plane, undergo equal extensions and 
compressions. 

. In order to investigate the circumstances of a 
body submitted to a transverse strain, it is neces- 
sary to obtain the moment of the acting force, with 
reference to the points of support, and est-ablish an 
equation between this and what is called the " mo- 
ment of elasticity," when the deflection of the body 
is. in question, and the moment of rupture, when 
rupture is the point. The investigation is conducted 
by the aid of the higher analysis, and would be 
of no use to the practical engineer. It is therefore 
omitted — all the results, however, being given in a 
fol*m to be easily understood. These remarks apply. 
to other materials, wood, &c., as well as to cast- 
iron. 

■ The experiments of Mr. Hodgkinson on cast 
iron beams, the strength of best form for, &c. 
-are the latest and most reliable authority on this 
point. 

The following are the results of one of his ex- 
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periments on bars of cold-blast, iron five feet long.; 
distance between supports, four feet six inches; th^ 
weight being applied at the middle of the bar : 



r— ■■ 

BMtangnlAT Bmr 
1 Ineh dMp, 1 ineh broad. 


Reeteagnlar Bar- 
S Inehes deep, 1 ineh broad. 


1 Beetangalar Bar 

1 5 inohee deep, 1 ineh broad. 


Wtight 
In 

PMBdk 


Defl'ot'n 

in 
inehw. 


Bet in 
inohee. 


Weight 

in 
poonde. 


Defl'ot'n 

in 
inehee. 


Bet in 
inehee. 


Weight Defl'et'n 

in in 
pound*, inehee. 


Bet in 
inehee. 


16 


.033 




1082 


.091 


.003 


4936 


.110 


.013 


30 


.062 




1343 


.111 


.006 


5867 


.130 


.017 


56 


.120 


.002 


1605 


.138 


•OOS 


6798 


.158 


.020 


112 


.240 


.007 


1836 


.164 


.010 


7730 


.179 


.025' 


168 


.370 


.014 


2126 


.190 . 


:012 


8662 


.195 


.030 


224 


.510 


.028 


2388 


.220 


.015 


9593 


.219 


.034 


280 


.649 


.041 


2649 


.250 


.019 


10525 


.250 


.042. 


336 


.798 


.061 


2910 


.281 


.026 


10588 


Broke. 


.» 


S92 


.953 


.084 


3172 


.310 


.031 








448 


1.120 


.120 


3433 


.345 


.037 






« 


504 


1.310 


.170 


3694 


.378 


.04Q 








514 






3825 


Broke. 










518 


Broke. 












- 


■' 


Ultimi 


ite defle 


otioQ, 


Ultimate deflection. 


Ultimate defleotion,' 




1.36. 




.395. 


0.252. 



STATIC PRESSURE OP WATER UNDER DIFFERENT 

HEADS. 

A CONVENIENT and easily remembered method 
for approximating to the pressure of water, is to 
allow one half pound pressure per square incli for 
each foot of head. The pressure at any point being 
directly %s the perpendicular depth below the level 

24 
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uf the surface^ this simple rule affords a readjr 
method of aseertaining its amount with an aeon* 
rac; sufficiently close for ordinary purposes. That 
it is not strictly correct^ however, may be readily 
perceived ; and having occasion, recently, to calcu- 
late with tolerable exactness the pressure corres- 
ponding to several heads between ten and one 
hundred feet^ I present the following Table for the 
convenience of others^ having enlarged it by the 
addition of several numbers outside of the limits 
named above. The temperature of the water is 
assumed at 69^ Fahrenheit ; the density; from the 
presence of salts and other foreign matters, is as- 
sumed at 1.000,149, distilled water being 1.000,000. 
This density, corresponding with the investigations 
of Briagarand on the water of the Qtirronne, and 
with that of Brisson on the Seine, I have assumed 
as the density of ordinary fresh water. An allow- 
ance should perhaps be made for the increase of 
density due to the compression under great beads, 
but too slight to be of any practical importance. 

Seeent experiments on this point indicate a com- 
pression about TmVhoTs of its bulk, under a pres 
sure of one^ atmosphere, or 33.90 feet lum). 

A pijye of cast-iron 15 inches diameter and | of 
fttt inch thick, will sustain a head of water of sii 
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landred feet. One of oak, two inches thick, and 
f the same diameter, will sustain a head of one 
icndred and eightj feet. 



Head 


Pressure, In ponnda, 


1 [ Imfeet. 


per square ioch. 




— 5 1 


.43 




—10 2 


.88 




—15 3 


1.30 




—20 4 


1.73 




—2ft 5 


2.18 




—30 10 


4.83 




—85 15 


6J60 




—40 20 


8.66 




—45 25 


10.83 




—50 SO 


12. 




—55 35 


15.16 




—60 40 


17.33 




—65 45 


IBM 


fiO 


21.66 


05 


S3.88 


60 


25.90 


65 


28.06 


70 


30.55 


75 


32.72 


80 


34.66 


80 


86.83 


80 


38.90 


80 


41.07 


100 


434» 


129 


54.17 


150 


65. 


175 


7608 


200 


86.67 


300 


130.01 


400 


17SM 


500 


216.68 


600 


2694)2 


700 


805.55 


800 


346.69 


900 


389.03 


]000 


4334t7 


1500 


650.00 


2000 


866.74 


3000 


1300.11 


4000 


1733.48 


6000 


2166.88 


6000 


2600.22 


7000 


3033.59 


8000 


3466.96 


9000 


3900.33 


10000 


4333.70 



£j paying strict attention to the above Tabl6^ 
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much loss and inconvenience will be saved, paiticu 
larly to plumbers, &c., in laying down pipes of the 
required strength according to the pressure, saving 
bursting, taking up, and laying down others to 
say nothing of the annoyance of tearing up pave- 
ments, highways, &c., through the want of a proper 
knowledge of the static, pressure in all oases per 
square inch. 



DIRECTIONS FOR PREPARING AND FITTiNO BAB- 
BITT'S ANTI-ATTRITION METALi 

Melt 4 pounds of copper, add by degrees 12 
pounds best quality of Banca tin, 8 pounds regulua 
of antimony, and 12 pounds more of tii> while th^ 
composition is in a melted state. . 

After the copper is melted and 4 ot 5 pounds 
of tin have been added, the heat should be reduced 
to a dull red, to prevent oxidation ; th^n add the 
remainder of the metal as above. In naelting the 
composition, it is better to keep a small quantity 
of powdered charcoal on the surface of the metal. 
The above composition is called Hardening, For 
lining the boxes, take one pound of this Hardening 
and melt it with two pounds of Banca tin, which 
produces the lining metal for itse. Thus, thepro 
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portions for Lining Metal are 4 pounds of coppei^, 
8 pounds of regulus of antimony, and 96 pounds 
of Banca tin. 

The article to be linedf having been cast with 
a recess for the lining, is to be nicely fitted to- a 
former, which is made the same shape as the bear- 
ing. Drill a hole in the article for the reception of 
the metal, say one half or three fourths of an inch, 
according to the size of it. Coat over the part not 
to be tinned with a clay wash ; wet the part to be 
tinned with alcohol, and sprinkle on it powdered 
sal ammoniac ; heat it till a fume arises from the 
sal ammoniaC; and then immerse it in melted Banca 
tin, care being taken not to heat it so that it will 
oxidize. 

After the article is tinned, should it have a dark 
color, sprinkle a little sal ammoniac on it, which 
will make it of a bright silver color, and cool it 
gradually in water. Then take the /ar/Tier, to which 
the article has been fitted, and coat it over with a 
thin clay wash, and warm it so that it will be per- 
fectly dry ; heat the article until the tin begins to 
melt, lay it on the former, and pour in the metal, 
which should not be so hot as to oxidize through — 
the drilled hole giving it a head, so that as it shrinks 
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it will fill up. After it is sufficieatly cool reinovt 
the farmer, 

P. S. — A shorter method may be adopted when 
fche work is light enough to handle quickly, viz.: — . 
When the article is prepared for tinning, it may be 
immorsed in the lining metal instead of the tin, 
brushed lightly in order to remove the sal ammo- 
niac from the surface, placed immediately on the 
fiynrier, and lined at the same heating. 



SOLDERING FLUID FOB SOFT SOLDER. 

To two fluid ounces of muriatic acid add small 
pieces of zinc until bubbles cease to rise ; add half 
a teaspoonful of sal ammoniac, and two fluid ouncea 
of water. 

P. S. — By the application pf this, iron or stee) 
may be soldered ivithout being previously tinned. 



ALLOT OF THE STANDARD MEASURE USED BY 

GOVERNMENT. 

67C^ Parts of copper, 
60 « tin, 
48 " brass (yellow, 22 cop. to 1 of zinc). 
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TUTBNAO. 

8 parts of copper, 5 parts of zinc, and 3 parts of 
nickel. 



EXPANSION METAL. 

9 parts of lead, 2 parts of antimony, and 1 part 
bismuth. 



BKONZING GUN BARRELS. 

First make the barrels smooth and bright with 
emery ; after which clean carefully with lime to remove 
all grease; then apply the following mixture with, a 
clean sponge or rag : To a quart of soft water, add 
one ounce and a half of spirits of wine, one ounce 
and a half tincture of steel, half an ounce of corrosive 
sublimate, one ounce and a half of sweet spirits of 
nitre, one ounce of blue vitrei, and three quarters of 
an ounce of nitric acid. The barrels are then to be 
exposed to the air for twenty-four hours, after which 
rub with a steel scratch-brush until the rust is en- 
tirely removed ; then again apply the mixture, and 
in a few hours repeat the scratch brushing. Con 
tinue the operation for four or five days ; then wash 
the barrels with plenty of hot water, and while hot, 
finish with a leather and a little beeswax and turpen- 
tine. This will give a fine and glossy finish. 
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ACID, boracic 290 
sulphurous, 293 
Acids, metallic, 12 
Alchemists, aim of the, 1, 2 
Alkalies, fixed, 12 
Alkaline earths, 12 
Alloy, definition of an, 185 
for silver plate and med- 
als, 227 
for standard measure, used 
by the government, 374 
non-oxidizable, 267 
of American gold coin, 227 
of copper, tin and iron, 344 
Rose's, 178 
Alloys, amalgams, etc., 185-189 
and metals, behavior of, 
in melting and congeal- 
ing, 24-31 
artificial, importance o^ 

189 
atomic, of copper and tin, 
properties of the, 
23 
of copper and zinc, 
experimental re- 
sults as to the 
properties of, 22 
casting of, 52-58 
copper and tin, properties 

of 43 44 
density of, 187, 188 
for bells, experiments on, 

111, 112 
for repairing holes in cast- 
ings, 163, 164 



Alloys, fusible, l78, 170 
melting points of, 24 
metallic, 14-18 

formation of, 16, 17 
natural, 185, 186 
new, of zinc, 242-246 
of copper and zinc, 47-49 
of copper, zinc, tin and 

lead, 49, 50 
prepared with cupro-manr 
ganese, composition of, 
260 
properties of, 186, 187 
Aluminium, advantages of an 
addition of, to fluid iron, 
70, 71 
bronze, 247-255 
casting of, 254 
forging of, 255 
manufacture of, on a 
large scale, 251- 
253 
peculiar properties 

of, 255 
preparation of, 249- 

251 
properties of, 247, 248 
shrinkage of, 254 . 
experiment with, for bells, 

112 
iron, 71 
Amalgam, 192-194 

definition of an, 185 
density of an, 193 
native, 192 
of zinc and mercury, 15 

37T 
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A.malgams and alloys, 185-189 
American cast iron, experi- 
ments on, 355 
gold coin alloy, 227 
Analyses of a few bell-metals, 
134 
of mitis metal, 73, 74 
Aniline bronzing fluid, 298 
Annealing boxes, 66 

malleable castings, 64-67 
ovens, 66, 67 
steel, 285-288 
Anstey's, Mr., patent process 
for the manufacture of cru- 
cibles, 283, 284 
Antifriction metal, Babbitt's, 

preparing and 
fitting,372- 
374 
Fenton's, 345 
Anti-friction metals, 203 
Antimony, 42, 43 

amalgamation of, 193, 194 
and copper, 207 
and tin, copper and bis- 
muth, 207 
Argol, 200, 201 
Arsenic, antidote to, 311 
melting of, 237 
Prof. N. Masculyne on. 238 
properties of, 240-242 
white, reducing copper 
with, 343 
Ashes, sweepings, etc., from 
brass foundry furnaces, gil- 
ders' and jewellers' work- 
shops, etc., washing of, 334- 
337 
Autogenous soldering, 228 

BABBITT'S anti-friction met- 
al, preparing and fitting, 
372-374 
Back mould or cope, 60 
Bedil or tin, 37-39 
Bell, constituent parts of a, 
112, 113 



Bell founding, 110-135 
metal, 14, 45, 46, 188 

proposed substitutes for, 
111 
metals, analyses of a few, 
134 
composition of, 1 10, 111 
moulding the cope of a, 126, 
127 
the crown of a, 127 
the, in ixiyerted position, 

116, 117 
the, in an upright posi- 
tion. 115, 116 
principal conditions for a 

good, 117, 118 
tracing the correct profile 
of a, 118-120 
Bells, 198, 199 

calculating the sizes of, 

121, 122 
casting large, 128-132 
cracked, repairing of, 132, 

133 
founding of, 57, 58 
hanging of, 122, 123 
house, composition for, 

no 

invention of, 198 
large, list of, 135 

mouldingof, 123-128 
and casting of, 
117-132 
small, casting and mould- 
ing of, 113-117 
variation of weights of, 

122 
weight of a few peals of, 
133, 134 
Benneville, Jas. S. de, analysis 
of deoxidized bronze by, 
258 
Berlin Royal Foundry, cruci- 
bles used in the, 281, 282 
type metal, 233, 234 
Berzelius, discovery of sileniam 
by, 294 
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Bessemer steel castings, 78 
Birds, insects, frogs, fisfa, vege- 
tables, etc., to cast in 
plaster moulds, 17*7 
Bismuth, 195, 196, 202 
Bismuth and lead, 208 
Black, Brunswick, 321 
flux, 199, 200, 338 
lead bronze, 304, 305 
crucibles, 282, 283 
wash, for cores, 332 
Blackening, sand core mould- 
ing, etc., 328-333 
Blanched copper, 171 
Block tin, 38, 39 
Blow-holes in steel castings, 

83-85 
Blueing and gilding steel, 312 
Boracic acid, 290 
Borax, 289-291 
Boron, 289-291 
Boxes, annealing, 60 
Brass, 14, 172, 173 

and copper vessels, to zinc, 

216 
and iron, conducting heat 

of, 327 
best, composition of, 205 
bronze and copper, substi- 
tutes for, 242-246. 
bronze Barb^dienne on, 

298, 299 
casting, insertion of a core 

in the mould for a, 94 
casting of, 88-99 
casting, thin, 95, 96 
castings, shrinkage of, 89 
coloring, a deep blue, 324, 

325 
composition for silvering, 

362 
etc., to bronze, 211 
for rolling and forging, 
best composition of, 339, 
340 
founders' air furnaces, 96, 
97 



Brass U unding, 33^5 

foundry fomaces, washing 
ashes, sweepings, etc., 
from, 334-337 
guns, 58-60 
melting of, 96 
mirrors, 170 
mixing and pouring of, 

97-99 
nuts, casting of, on screws, 

164, 165 
or cast copper, tinning of. 

341 
solder, 225 

steel-gray coating on, 299 
Syracuse and Corinthian, 

171 
to silver, 363 

work, modelling and pat- 
tern-making for, 88, 89 
work, ordinary, arrange, 
ment of, in the fla6k,91 
small, moulding tub 
for, 90, 91 
yellow, 190 
Brazing solder, fine, 51 
Bread paste, to cast in, 182 
Brilliants of Fahlun, 208 
Britannia metal, 232 
British weapons and tools in 

bronze, 171 
Bronze, lfJ8 

aluminium, 247-255 
casting of, 254 
forging of, 255 
manufacture of, on a 
large scale, 251- 
253 
peculiar properties 

of, 255 
preparation of, 249- 

251 
properties of, 247, 

248 
shrinkage of, 254 
Barb^dienne on brass, 298, 
299 
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Bronse, black .ead, ^04, 305 
British weapons and tools 

in, 171 
carbonate of iron, 305 
casting of, 100-110 
chemical, 302, 303 
copper and brass, substi- 
tutes for, 242-246 
Oorinthian, 344 
deoxidized, 257, 258 
for cannon, statues, etc., 

45 
foundries of Paris and 

neighborhood, 100 
introduction of phosphorus 

into, 264, 265 
liquid, green, 215 
manganese, 259, 260 
melting of, 102, 103 
phosphor, 260-266 

varieties of, 265, 266 
platinum, 266, 267 
silicon, 267, 268 
steel, 268, 269 
Syracuse, 344 
Tobin, 269 
Uchatius, 268, 269 
works, French, arrange- 
ment of, 100 
moulding of, 101 
Bronzes, some modern, 247- 

269 
Bronzing brass, etc., 211 

electrotype casts, 302, 303 
fluid, aniline, 298 
gun barrels, 375 
Brunswick bleu^k, 321 
Bullets, casting ofr 54 
Burning-on, 161-163 

CANNON, bronze for, 45 
Carbonate of iron bronze, 
305 
Case hardening iron, 338 
Cast-iron, American experi- 
, ments on, 355 

bending of, 163 



Cast-iron, bright gray, 357 

cement for the joints of, 

308 
changes in, by chilling, 

136, 137 
chilled wheel, life of a, 

153, 154 
dark gray, 358 
density of, 359 
dull gray, 357 
durability of, 360-362 
gray, properties of, 356 
limit of elasticity of, 356 
micaceous, 357 
mottled, 62, 03, 64, 357 
pipe, head of water sus- 
tained by a, 370, 371 
resistance of, to a trans, 
verse strain, 365-369 
resistance of, to exten- 
sion, 355, 356 
silvery, 357 
strength of, 354-362 
varieties of, 356 
white, 62, 63, 357 
metal cylinders,, weight of, 

218 
steel, use of borax for 
welding, 291 
Casting and moulding large 

bells, 117- 
132 
of brass guns, 

58-60 
of small bells, 
113-117 
blown, 52 
brass nuts on screws, 164, 

165 
chilled rolls, 141-143 
figure, 60, 61 
figures in imitation of 

ivory, 183 
in bread paste, 182 
in glue, 181 
in plaster, 173, 174 
in sulphur, 180 
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OMting in wax, 1*79, 180 

iron and other metals upon 
lace, embroideries, fern 
leaves and other com- 
bustible materials, 165- 
i68 
large bell&, 128-132 
of alloys, 52-58 
of aluminium bronze, 254 
of brass, 88-99 
of bronze, 100-110 
of bullets, 54 

on to other metals, 157-164 
phenomena in, due to 

shrinkage, 21 
suitability of metals for, 25 
to find the weight of a, 
from that of the pattern, 
26, 2*7 
regetables, insects, small 
birds, frogs, fish, etc., in 
plaster moulds, 177 
without core, 154-157 
Hastings, Bessemer steel, 78 
chill, 136-154 
crucible steel, 77, 78 
difficult, core for, 169 
heavy cores in, 168, 169 
hollow, chill, 154 
malleable iron, 62-69 
open hearth steel, 79-87 
repairing holes in, 163, 

164 
Bteel, manufacture of, 76- 

87 
wrought iron or mitis, 
70-75 
Casts and impressions from ex- 
isting works, 90 
electrotype, bronzing of, 

302, 303 
plaster, to transfer en- 
gravings to, 175 
tovarnish, 175,176 
Cement, 315 

lor, attaching metal to 
glass, 318 



Cement, for the jo«uts of cast 
iron, 308 
resisting the action of fire 
and t»ater, 307 
Chaplets for cores, 331 
Charcoal, facing of, 53 
use of, as flux, 201 
Chemical bronze, 302, 303 
Chill castings, 136-154 
hollow, 154 
depth of the, 142, 143 
mould for a railroad wheel, 
143, 145 
Chilled wheels, manufacture of, 
in the United States, 
145-154 
Chinese packfong, 206 
white metals, 345 
Chlorides, 296 
Chlorine, 295, 296 
Church peal, a complete, 113 
Cire-perdu or waste wax pro- 
cess, 105-107 
Cleansing malleable castings, 

64 
Cloisonne or partition work, 

103, 104 
Cohesion, direct, of metals, 222 
specific, and strength of 
metals, 220, 221 
Coin, gold, 15 
silver, 15 
CoUas, M. machine for the re- 
duction or enlargement 
of solid forms by, 100, 
101 
Columbia metal, 232, 233 
Compression, 348 

and extension, ultimate 
resistance of different 
materials to, 349-351 
resistance of iron to, 363- 
365 
Congealing and melting, be- 
havior of metals and al 
loys in, 24-31 
Contraction rules, 325, 326 
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Copal Tarnish, japanners', 319 
Cope, of a bell, moulaing the, 

126, 127 
Cope or back mould, 60 
Copper, 35, 36, 170, 206 
and antimony, 207 
and brass vessels, to sine, 

216 
and tin alloys, properties 

of, 43, 44 
and tin mixtures, 46, 47 
and tin, properties of the 

atomic alloys of, 23 
and zinc, alloys of, 47-49 
experimental results 
as to the properties 
of atomic alloys of, 
22 
blanched, 171 
blistered, 37 

bronze and brass, substi- 
tutes for, 242-246 
cast, or brass, tinning of, 

341 
flux for, 201 
medals and medallions, to 

make, 191, 192 
phosphide, 263, 264 
purifying of, 35, 36 
reduction of, 36, 37 

with white arsenic 
343 
refining or toughening of 

37 
tin and iron alloy, 344 
to silrer, 210 

zinc, tin and lead, alloys 
of, 49, 50 
Core, casting without, 154-157 
for difficult castings, 169 
insertion of a, in the mould 

for a brass casting, 94 
sands, 332, 333 
Cores, black wash for, 332 
chaplets for, 331 
for difficult jobs, composi- 
tion for, 61 



Cores, forms of, 328, 329 

in heary castings, 168, 169 
making of, 94, 95 
rock sand for, 329 
stiffening of, 330 
Corinthian and Syracuse brass, 

171 
Corinthian bronze, 344 
Cork-shavings, facing with, 53 
Cornish reducing flux, 338 

refining flux, 337 
Cornwall, tin ore in, 39, 40 
Corrosion, prevention of, 314 
Corrosive sublimate, 296 
Cowles Electric Smelting and 
Aluminium Co., manufac- 
ture of aluminium bronze 
by the, 261-253 
Crown, of a bell, moulding 

the, 127 
Crucibles, 97, 281-284 
Crucible steel castings, 77, 78 
Crude or white flux, 337 
Cupro-manganese, 259, 260 
Cylinders and rings, strains in, 
28-30 
cast metal, weight of, 218 

D ALTON'S, Dr., fusible alloy, 
178 

Daniell, Prof., on the protect- 
ing influence of zinc, 276 

Danieirs cock, 228 

D'Arcet, M., discovery in re- 
gard to bell metals by, 45, 
46 

Decimal proportions, table for 
converting the, into divisions 
of the pound avoirdupois, 204 

Delta metal, 256, 257 

Deoxidized bronze. 257, 258 

Detrusion, 349 

Deutsche Delta Metal Gesell- 
schaft, composition of Delta 
metal, manufactured by the, 
257 

Deville, St. Claire, experiment 
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113 


FignracAEting, 60, 61 


Dies, Bteel, tohardea, 313 


Fire and water, cement reaiM. 


Drawinga, colored, rarnish for, 


ing the action of, 30T 


31» 


bricke, 96, 91 


Wfii, 310, 311 


clay, 96, 97 


Dactility and malleability of 


artifloial. 30S, 307 


metttU, S, 6 


Piflh, frogs, insects, small birtU, .- 


Dudley, Chaa. B., araljaea of 


vegetablea, etc, to cast in 


Tobin brODie by, 269 


plaster moulda. 177 


Du[n»3, M.. eiperimeate on the 


Fised alkalies, 12 


hard nesB of metals by, T 


Flask, arrangement of ordinary 


oa liockiog by imtnBraioti, 


brass work in the, 91 


273, 274 


Fluidity, 202, 203 


of iron by elfctro 


Flute valve keys, metal for, 


procesies, 276, 277 


231 




Flui, black, 199,300,338 


PABTHS, alkaline, 12 

AiJ Eliislicity, limit of, 347, 343 


common black, 238 


Corniah reducing, 338 


Electricity, resiatoace of nietalB 


refining, 337 


to conduction of, 20, 21 


crodeor white, 337 


voltaic, cDndncting power 


Fluxes, 199-201 


ofmetalsfor, 20, 21 


Fluiingofraetftls, 340, 3«1 


Electrotype CMta, bronzing of. 




302, 30:i 


of zinc, 242-246 


Embroideries, casting iron and 


Founding, 33, 33 


oilier mewls upon, 165-168 


brasa, 33-35 


England, large hella in, 199 


ofbella. 57, 58, 110-135 


Engravings, to transfer to plas- 


of statues, 104-110 


ter casta, 175 


Foundry pig No. 1, or (jray 


GqoiTalenla of metals, 19 


metal, 63, 63 


Etching varnish, 323 








Sitension, 343, 349 


by the, 35B 


and compression, nltimate 


Free aand, 329 




French bronze works, anaage- 


materials to, 349-351 


meDt of, 100 


reaiatance of cast iron to, 


moulding sands, 101 


365, 356 


poliah, 320, 331 




type metal, 233 


PACINO, 63 
■T sand, 102 


Friction, 196, 197 


Froga, fish, insects, small 


Pahlon, brilliants of, 208 


birds, vegetables, etc. 


Penton'a anti-frictjon metal, 


to cast in plaster moulds, 




177 


Fern leaves, cnstine iron and 


Furnace, reverberalory, 13«- 


eliitT metals upao, 165-lUa ' 132 
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Furnaces, brass founders, 96, 

9*7 
Fusibility of metals, 8, 9 
Fusible alloys, 178, 179 

metal, 15 
Fusing and melting points, 

201, 202 
Fyfe's, Dr. analysis of Chinese 

packfong, 206 

GALVANIZING or zincking 
by immersion, 279 
German silver, 234, 235 

titanium, 231 
Gilders and jewelers' work- 
shops, washing ashes, 
sweepings, etc., from, 
334-337 
Gilding and blueing steel, 312 
Glass, cement for attaching 
metal to, 318 
soluble, 315 
Glue, casting in, 181 

for casting curious medals, 

181, 182 
for taking impressions, 90 
liquid, 306 
portable, 314 
Gold and silver, amalgams of, 
194 
lace, to separate 
the metallic 
portion of, 311 
soldering of, 225, 

226 
solders, 224, 225 
artificial, 51 
coin, 15 

coin of America alloy, 227 
ethereal solution of, 300 
green, 15 

hard solder for, 224 
leaf, transmission of light 

by, 3 
Manheim, 50 
mosaic, 210, 211 
Bolder, 224 



Gold, to cleanse after soldering 

226 
Goslar zinc, 206 
Graham, Dr., on the protecting 

influence of zinc, 276 
Grain tin, 38 

common, 39 
Gravity, specific, of metals, 9, 

10, 19 
Gray cast iron, properties of, 

356 
Green sand mould, 92 
Gum arable solutions, to pre- 
serve, 839 
Gun barrels, bronzed, varnish 
for, 300 
bronzing of, 375 
to brown, 299 
Guns, brass, 58-60 
Gutta-percha for taking impres. 
sions, 90 



HARDENING steel, 289 
Hardness of metals, table 
showing the, 7 
Heat and light, reflection of, by 
polished metals, 4 
conducting of, by brass and 

iron, 327 
contained in fluid metals, 

202, 203 
evolved from metals by an 
equal current, 21 
Hessian crucibles, 282 
Hodgkinson, Mr., experiments 
on bars of cold-blast 
iron, by, 368, 369 
results of experiments by. 
on the resistance of 
iron to compression, 364, 
365 
HoUey, Alexander L., on open 
hearth steel castings, 79-83 
House bells, composition for, 

no 

tlydrogen,. sulphuretted, 294 
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IMPRESSIONS an*! casts from 
existing works, 90 
Inkstands, moulding of, 54, 55 
Insects, small birds, frogs, fish, 
yegetables, etc., to cast in 
plaster moulds, 177 
Iron and brass, conducting heat 
of, 327 
other metals, casting of, 
upon lace, embroider- 
ies, fern leaves, and 
other combustible ma- 
terials, 165-168 
tin, 209, 344 
zinc, double amalgam of, 
194 
bars of cold-blast, experi- 
ments on, 368, 369 
bright gray cast, 357 
carbonate of, bronze, 305 
case hardening of, 338 
cast, American, experiments 
on, 355 
bending of, 163 
cement for the joints of, 

308 
density of, 359 
durability of, 360-362 
limit of elasticity of, 356 
resistance of, to extension, 

355, 356 
resistance of, to a trans - 

Terse strain, 365-369 
strength of, 354-362 
yarieties of, 356 
castings, malleable, 62-69 
cause of the corrosion of, 

270, 271 
change in, by chilling, 136, 

137 
combination of wrought and 

cast, 159 
dark gray cast, 358 
dull grey cast, 357 
fluid, advantages of an ad- 
dition of aluminium to, 70, 
71 



Iron, gray cast, properties of,356 
hot-blast and cold-blast, 359, 

360 
meteoric, 189 
micaceous cast, 357 
mottled cast, 62, 63, 64, 357 
oxide of, for making , mal- 
leable castings," 67-69 
pig, classification of, 62 
polished, varnish for, 339 
protection of, by tin, 271 
qualities of, 326, 327 
railings, ornamentation of, 

159-161 
resistance of, to compres- 
sion, 363-365 
silvery cast, 357 
solder for, 227 
tin and copper alloy, 344 
to tin, 305, 306 
varnish for, 339 
white cast, 62, 6.'J, 357 
wrought, or mitis castings. 

70-75 
zinc ag a protective cover- 
ing for, 270-279 
zin eking of, by electro prO' 
cesses, 276, 277 
Ivory, to cast figures in imi- 
tation of, 183 
silver, 216 
soften, 311 

JAPANNERS' copal varnish, 
319 
Japanning, 316, 317 
Jewelers' and gilders' work- 
shops, washing sweep- 
ings, ashes, etc., from, 
334-336 
silver solder for, 226 

KANE, Dr., on the Keller's 
statue composition, 205 
Kirkaldy's experiments on phos- 
phor-bronze wire, 262, 263 
Klaproth, experiments of, 172 
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KiMller, W. G., patent for the 
pvrifioat ion of sino 
granted to, 40, 41 

Kflnsel and Montefiore's ex- 
periments, 260-262 

LACB, casting iron and other 
metals upon, 165-168 
gold and silver, to sepa- 
rate the metallic portion 
of, 311 
Lacquer, deep gold, 215 

colored, 212 
gold, 213 

colored, 212 
pale brass, 214 

colored, 213 
tin, 214 
red, 213, 214 

colored, 212, 213 
white, 345, 346 
Lacquers, 212-215 
Lafond's mixture for bells. 111 
Lead, 41 

and bismuth, 208 

and tin, full measure of 

capacity of, 208 
solder for, 229 
Lee, C. A., on the strength of 

materials, 347-354 
Light and heat, reflection of, 
by polished metals, 4 
transmission of, by metals,3 
Limit of elasticity, 347, 348 
Liquid glue, 306 
Lustre, metallic, 2, 3 

MAOHINBi-framing,repairiBg 
of, 162, 163 
Malleability and ductility of 

metals, 5, 6 
Malleable iron castings, 62-69 
Mallet, Mr. on the durability 

of cast iron, 360-362 
Manganese bronze, 259, 260 
MftDbeim gold, 50 
Masevlyne, Prof. N. on arsenic, 

238 



Materials, specific gn.Titj mi4 
weight of, 219 
strength of, 347-354 
ultimate resistance of dif- 
ferent kinds of, 349- 
351 
strength of, 352, 353 
Medal and silver plate alloy, 

227 
Medallions and medals, copper, 
to make, 191, 192 
casting of in plaster, 173, 
174 
Medals and medallions, copper, 
to make, 191, 192 
glue for casting, 181, 182 
moulds of, to cast on tin- 
foil, 176 
Melting and congealing, be- 
havior of metals and 
alloys in, 24-31 
and fusing points, 201, 202 
iron for malleable cast- 
ings, 64 
points of metals, 19 
Mercury and zinc, amalgam 

of, 15 
Metal, Babbitt's anti-friction, 
preparing and fitting, 
372-374 
balls, weight of, 217 
Berlin type, 233, 234 
Britannia, 232 
cement for attaching, to 

glass, 318 
Columbia, 232, 233 
Delta, 256, 257 
deposition of pure, 274, 

275 
expansion, 375 
Fenton's anti-frictiotn, 345 
for bells, melting the, 129, 

130 
for casting vegetables, in- 
sects, small birds, frogs, 
fish, etc., in plastei 
moulds, 178, 179 
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Ifetal for flute yalve keys, 231 

French type, 233 

fusible, 15 

Sir Isaac Newton ^s, 178 

gray, or foundry pig No. 1, 
62, 63 

plates, weight of a square 
foot of, 217 

Princess, 51 

Queen's, 209 

silrery-looking, 231 

speculum, ^35-239 

type, 233, 234 

white, 230 
Metallic acids, 12 

alloys, 14-18 

lustre, 2, 3 

moulds, 54, 55 

oxides, 12, 297, 298 
poisonous, 13 

portion, the, of gold and 
silver lace, to separate, 
311 
Metallurgy, definition of, 18 
Metals and alloys, behavior of, 
in melting and con- 
gealing, 24-31 

iron, casting of, upon lace, 
embroideries, fern leaves 
and other combustible 
materials, 165-168 

anti-friction, 203 

brittleness of, 170 

casting on to other, 157- 
164 

Chinese white, 345 

combination of, with oxy- 
gen, 10-13 

conducting powers of, for 
voltaic electricity, 20, 21 

contraction of, pattern 
making, etc, 325, 327 

crystalline state of, 4, 5 

direct cohesion of, 222 

discovery of, 19 

electric states of, 271, 272 

enumeration of, 19 



Metals, equivalents of, 19 

experiments on the tenac- 
ity of, 342 
fluid, heat contained in, 

202, 203 
fluxing of, 340, 341 
friction of, 196, 197 
fusibility of, 8, 9 
heat evolved from, by an 

equal current, 21 
malleability and ductility 

of, 5, 6 
melting points of, 19, 24 
native, 17 
odor and taste of, 9 
order and facility of work- 
ing of, 43 
polished, reflection of light 

and heat by, 4, 
properties of the, 1-13 
resistance of, to pressure, 
223 

of, to torsion, 223, 

224 
to the conduction 
of electricity by, 
20, 21 
specific cohesion and 
strength of, 
220, 221 
gravity of, 9, 10, 
19 
surface of, 171 
symbols of, 19 
table of hardness of, 7 
showing the order 
which they bear to 
one auother in re- 
spect to their pro- 
perties, 6 
transmission of Ught by 
3 
Meteoric iron, 189 
Mirrors, brass, 170 
Mitis castings, details of the 
production of, 72-75 
metal, analyses of, 73, 74 
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Mitis plant in the United States, 

mixture for melting, 

used in a, 72, 73 

or wrought iron castings, 

70-75 

Modelling and pattern-making 

for brass work, 88, 89 
Models, wax, moulding of, 57 
Montefioreand Kiinzel's experi- 
ments, 260-262 
Mordant varnishes, 321, 322 
Morin's invention for the com- 
bination of wrought and 
cast-iron, 159 
Mosaic gold, 210, 211 

mixture, 231 
Moscow, large bells of, 198, 199 
Mottled cast-iron, 62, 63, 64, 357 
Mould, green sand, 92 

insertion of a core in the, 
for a brass casting, 94 
Moulding a chilled roll, the 
journals of which are 
to remain soft, 139-141 
and casting large bells, 
U7-lb2 
of brass guns, 58- 

60 
of small bells, 113- 
117 
large bells, 123-128 
malleable castings, 64 
materials for, 52, 53 
of bronze works, 101 
of complex objects, 56 
of statues, 105-110 
of steel castings, 86, 87 
plate, 92-94 
requirements for, 33 
sand, 333 
sands, French, 101 
the bell in an upright po- 
sition, 115, 116 
in inverted position, 

116, 117 
cope and crown of a 
bell, ^26, 127 



Moulding tub, for small brA<u 
work, 90, 91 
wax models, 57 
Mouldings, modelling of, 90 
Moulds for chill-castings, 138 
metallic, 54, 55 
method of filling the, 55, 56 
of medals to cast on tin foil, 

176 
plaster, to cast vegetables, 
insects, small birds, frogs, 
fish, etc., in, 177 
sand, formation of, 52 
Music plates, 15 

NAILS, ship, composition for, 
345 
small, etc., to coat with 
tin, 301 
Native metals, 17 
Natron, 297, 298 
Newton's, Sir Isaac, fusible 

metal, 178 
Niello-metallic ornaments, 308 
309 

ODOR and taste of metals, 9 
Open-hearth steel cast* 
ings, 79-87 
Ore, definition of an, 17 
Ores, occurrence of, 18 

reduction of, 18 
Orichalcum, 205 
Ormolu, 210,211 
Ornaments, composition for, 184 

niello-metallic, 308, 309 
Outerbridge, A. E., Jr., process 
of casting iron and other 
metals upon lace, embroider- 
ies, fern leaves, and other 
combustible materials, by, 
165-168 
Ovens, annealing, 66, 67 
Oxides, metallic, 12, 297, 298 

poisonous, 13 
Oxygen, combinations of metals 
with, 10-13 
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PACKFONG, Chinese, 206 
Paper, tracing, 309 
Paris, bronze foundries in, 100 
Parsons, P. M., manufacture of 

manganese bronze by, 259 
Partition or cloisonn^ work, 

103, 104 
Pattern making and modelling 
for brass work, 
88,89 
contraction of met- 
als, etc., 325-327 
to find the weight of a cast- 
ing from that of a, 26, 2 7 
Patterns, dimensions of, 25 

wooden, varnishing of, 90 
Paulinus, Bishop of Nola, in- 
vention of bells by, 198 
J*eal, church, a coniplete, 113 
Peals of bells, weight of a few, 

133, 134 
Pellat, F., on zinc as a protec- 
tive covering for iron, 270- 
279 . 
Percy, Dr., experiments on al- 
loys for bells, by, 111, 112 
Permanent set, 348 
Pewter, 14, 207 

compositions of, 230 
pots, moulding of, 54, 55 
Phosphide of tin, 264 
Phosphor-bronze, 260-266 

varieties of, 265, 

266 
wire, tenacity and 
ductility of, 262, 
263 
Phosphorus, introduction of, 

into bronze, 264, 265 
Pig, foundry. No. 1, or gray 

metal, 62, 63 
Pig-iron, classification of, 62 
Pinchbeck, 14, 50 
Pipe, cast-iron, head of water 

sustained by a, 370, 371 
Pipes, water in, 280 
Plaster, casting in, 173, 174 



Plaster casts, to transfer en- 
gravings to, 175 
to varnish, 175, 176 
moulds, to cast vegetables, 
insects, small birds, frogs, 
fish, etc., in. 177 
of Paris, 52, 53 
to cast moulds of metals on 
tin-foil with, 176 
Plate moulding, 92-94 
Platina, 239 

amalgamation of, 194 
Platinum bronze, 266, 267 
Plumbago, 284 
Plumber's solder, 230 
Polish, French, 320, 321 
Pouillet, researches on the 
conducting power of metals, 
by, 20 
Pound avoirdupois, table for 
converting the decimal pro- 
portions into divisions of the, 
204 
Pressure, resistance of metals, 
to, 223 
static, of water, 369-372 
Princess metal, 51 
Printing types, 15 

moulding of, 54, 55 
Protecting influence of zinc, 

275, 276 
Pulley, strain in the rim of a, 

27, 28 
Pyrometer, Prof Daniel's, fus- 
ing and melting points as- 
certained by, 201, 202 
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UEEN'S metal, 209 



RAILINGS, wrought-iron, or 
namentation of, 159-161 
Railroad frog, chilled portioni 
of the tongue of a, 138, 
139 
wheel, chill-mculd for a 
143, 145 
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Rattle-barrel or tumbler, 64 
Reduction of ores, 18 
Resistance of iron to compres 
sion, 363-365 
ultimate, of different kinds 
of materials, 349-351 
Reverberator J furnace, 130-132 
Rice glue statuary, 183, 184 
Riley, £., analyses of mitis- 

metal by, 73, 74 
Rings and cylinders, strains in, 

28-80 
Rock sand for cores, 329 
Roll, chilled, moulding a, 139- 

141 
Rolls, cbilled, casting of, 141- 
143 
repairing necks of, 162, 163 
Rose's alloy, 178 
Rosse, Lord, speculum metal 

used by, 46, 47 
Rottenstone, facing of, 53 
Rust, to preserve polished steel 
from, 318 



SAL-EXINUM, 201 
Sand-burning, 55 
Sand core moulding, blacken- 
ing, etc., 328-333 
facing, 102 
free, 329 

moulds, formation of, 52 
rock, for cores, 329 
Screws casting brass nuts on, 

164, 165 
Sea salt, composition of, 296 
Selenium, 294, 295 
Set, permanent, 348 
Ship nails, composition for, 345 
Shrinkage, 26 

holes in steel castings, 87 
in steel castings, 85, 86 
qi aluminium bronze, 254 
of brass castings, 89 
phenom^ma in casting due 
to, 27 



Shrinkages, general laws of^ 

30, 31 
Silicon bronze, 267-268 
Silver and gold, amalgams of, 

194 

lace, to separate 

the metallic 

portion of, 311 

soldering of, 225, 

226 
solders, 224, 225 
3oin, 15 

German, 234, 235 
leaf, transmission of light 

by, 3 
metal, imitation, 338 
plate and medal alloy, 227 
solder for jewelers, 226 
solders for, 224, 225 
steel, 207 

to cleanse, after soldering, 
226 
Silvering brass, 363 

composition for,368 
ivory, 216 
of copper, 210 
Soda, 297, 298 
Soft solders, 229 
Solder, brass, 225 
fine brazing, 51 
for iron, 227 
for lead, 229 
plumber's, 230 
silver for jewelers, 226 
soft, soldering fluid for, 374 
Soldering, autogenous, 228 
fluid for soft solder, 374 
gold and silver, 225, 226 
Solders, gold and silver, 224,225 
• soft, 229 
Soluble glass, 315 
Spanish titanium, 232 
Specific gravity and weight ot 
materials, 219 
of metals, 19 
Speculum metal, 14, 188, 235- 

232 
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BpwBlum niFUl as used by 


Steel, polished, to preaerrs 


Lord Rossf, 46, 


from rust, 318 


47 


silver, 201 




Strain in the cim of A poller 


Stendard, repairmg of a, 162, 




163 


transrerwl, 349 


Slataarj, rice glue, 183, 1S4 


transverse, theorj of the 


Sutue uom position, Keller's, 


385 


20B 


Strains in rings and cjlinders, 


moQlding, cire-perdn or 


23-30 




Stream tin, 38 




Strengtb and specific cohesiOD 


modern process of, 108- 


of meUifl, 220, 221 


110 


of iron, 354-362 


Statues, bronze for, 45 


of loaterials, 34T-3M 


founding of, 104-UO 




Steel, annealiDg of, 285-288 




Bessemer, castings, 18 


ultimate, of wood, 3fi3, 


blneingftnd gilding of, 312 


354 


bronse, 3116, 269 




cast, Qse of boras for «eld- 


90 ■ 


iag, 291 


Sulphur, 292-394 ■ 


eutings, blov holes in, B3- 


to .last io, 180 ■ 


85 


Sulpburetted hjdrogen, 294 V 


diaiiKe in ILe chemical 


Snlphurousacid. 293 ■ 




Sweepings, ashes, etc., from 


flDal, additions in, B2, 


brass fouodrj furnaces, gild- 


83 


ers' and jewelers' workshops. 


1 fainoce for, IS, SO 


etu., washing of, Ha4-337 


^^ inltUl bfttb for. 80 


Symbols of metals. 19 




Syracuaa and Oorintbian brass, 


^^^^m mecbanical pressure for. 


ITl 


^■P 


bronze, 344 


^^■l metal tests before liniil 




1 ftdditionain, 81, 82 


rPABLE bj whioh » find the 
J- weight of a uasting from 


moulding of, 86, 87 


riBlnj bead for, 86 


that of the pattern, 3T 


B ■hiiokage holes in, 8! 


for converting deitimal pro- 


^^m Ibrlokage in, SB, 86 


portions into divisions o( 


^K dag tes^ 81 


the pound avoirdopais, 


^^^H Mflening or refining 




^^V materials for, 81 


of direct cohesion of metals. 


^^ atoiijping of, 86 


222 


1 ' enidble, cagtiogs, 11, IS 




dies, to harden, 31,^ 


to the propertieB o' the 


bardening of, 289 


atomic alloja of copper Aud 


i open-htartb casUngs, 79-8T zinc, 22 
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Table of hardness of metals, 7 
of resistance of iron to com- 
pression, 365 
of metals to pressure, 
223 
to torsion, 223, 
224 
of specific cohesion and 
strength of met- 
als, 220, 221 
gravity and weight 
of materials, 219 
of the ultimate resistance of 
different kinds of materi- 
als to extension and com- 
pression, 349-351 
showing head of water sus- 
tained by a cast iron 
pipe, 371 
results of experiments on 
bars of cold blast 
iron, 369 
of experiments on 
the strength of 
short cylinders of 
timber, 352 
the amount of friction 

of metals, 196, 197 
the discovery, specific 
gfravity, melting 
points, equivalents 
and symbols of met- 
als, 19 
the heat evolved by an 
equal current from 
different metals, 21 
the order which the 
metals bear to one 
another in respect to 
their properties, 6 
the properties of the 
atomic alloys of cop- 
per and tin, 23 
the quantity and weight 
of water in pipps, 280 
the tenacity of metals. 
342 



Table of the weight of cast metal 

cylinders, 218 
of metal balls, 
217 
plates, 217 
Taste and odor of metals, 9 
Telegraph wire, silicon bronze, 

composition of, 268 
Telephone wire, silicon bronze, 

composition of, 268 
Tellander, F., process for hoi. 
low chill- castings patented 
by, 154 
Temper, 44 
Tempering, materials for, 329, 

330 
Tenacity of metals, experi- 
ments on the, 342 
Thompson, L., method of puri- 
fying copper invented by, 
39, 36 
Timber, experiments on the 
strength of short cylinders 
of, 352 
Tin and antimony, copper and 
bismuth, 207 
and copper mixtures, 46, 47 
properties of the 
atomic alloys of, 23 
and iron, 209, 344 
and lead, full measure of ca- 
pacity of, 208 
and zinc, 209, 343 
block, 38, 39 
common grain, H9 
East Indian, 38, 39 
foil, 15 
to cast moulds of medala. 
on, 176 
grain, 38 

iron, and copper alloy, 344 
or bedil, 37-39 
ore in Cornwall, 39, 40 
phosphide of, 264 
protection of iron by, 271 
reduction of, grain and block 
tin, 39, 40 
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Tin 84006,38 
streaiD) 38 

to coat small uail8| etc., 
with, 301 
Tinning of cast copper or brass, 
341 
of iron, 305, 306 
TitiEinium, German, 231 

Spanish, 232 
Tobin bronze, 269 
Tombac, Tarieties of, 328 
Tools and weapons, British, in 

bronze, 1*71 
Torsion, 349 

resistance of metals to, 223, 
224 
Tracing paper, 309 
Transyersai strain, 349 
Trinket composition, 227 
Tumbler or rattle-barrel, 64 
Tntenag, 3*75 
Type metal, 233, 234 
Types, printing, 15 

moulding of, 54, 55 
small, metal for, 234 

UOHATIUS bronze, 268, 269 
United States, manufac- 
facture of chilled wheels 
in the, 145, 154 
United States, mixture for 
melting used in a 
Mitis plant in 
the, 72, 73 
standard measure, 
alloy for the, 374 

VARNISH, etching, 323 
flexible, 320 
for browned gun barrels, 

300 
for colored drawings. 319 
for iron, 339 
for polished iron, 339 
hard, 320 

japan ncrs' copal, 319 
plaster casts, to, 175, 178 



Varnish, soft, 319 

superior green transparent, 
322, 323 
Varnishes, mordant, 321, 322 
Vegetables, insects, small 
birds, frogs, fish, etc., to cast 
in plaster moulds, 177 
Veins, 18 

WASTE wax, or cire-perdu 
process, 105-107 
Water and fire, cement resist- 
ing the action of, 307 
head of, sustained by a cast 

iron pipe, 370, 371 
in pipes, 280 

static pressure of, 369-372 
Watkins, A. E., on the general 

laws of shrinkages, 30, 31 
Wax, casting in, 179, 180 
models, moulding of, 57 
waste, or cire-perdu process, 
105-107 
Weapons and tools, British, in 

bronze, 171 
Weight and specific gravity of 

materials, 219 
Wheel, cast iron chilled, life of 

a, 153,154 
Wheels chilled, manufacture of, 
in the United States, 145- 
154 
White cast iron, 62, 63, 367 
lacquer, 345, 346 
metal, 230 
Window frames, iron, manu- 

facture of, 159 
Wires', silicon bronze, composi- 
tion of, 268 
Wittenstroem and Nobel, iuTen- 

tion by, 70 
Wood, ultimate strength of, 

353, 354 
Works, existing, impressions 

and casts from, 90 
Wrought iron or mitis cast* 
ings, 70-75 
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Wrought iron railings, orna- 
mentation of, 
169-161 

VBLLOW brass, 190 

■ 

7INC, 40, 41 

^ and copper, experimental 
results as to the prop- 
erties of atomic allovB 
of, 22 
and iron, doable amalgam 

of, 194 
and mercury, amalgam of, 

15 
ftnd tin, 209, 348 



Zinc as protective coyerini^ fat 
iron, and adaptation of the 
process of electro-deposi- 
tion for that pnrpoie, 270- 
279 
destruction of, 272, 273 
Fontainemorau's new alloys 

of, 242-246 
Goslar, 206 
purification of, 40, 41 
Zincking, 216 

by immersion, M. DanM 

on, 273, 274 
by immersion or galranii- 

ing, 279 
iron by electro processeti 
276, 3YY 
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Manufacture of ArtiHcial Silk, Viscose, Celluloid, Rubber Substi'^ 
tutes, Oil-Rubber, and Faktis. By Dr. Joseph Bersch. Trans- 
lated by William T. Br annt. 41 illustrations. (1904.) I3.00 
BILLINGS.— Tobacco: 

Its History, Variety, Culture, Manufacture, Commerce, and VariooSi 
Modes of Use. By E. R. Billings. Illustrated by nearly 200 
engravings. 8vo. ........ fooO' 

BIRD. — The American Practical Dyers* Companion: 

Comprising a Description of the Principal Dye- Stuffs and Chemicals, 
used in Dyeing, their Natures and Uses ; Mordants and How Made : 
with the best American, English, French and German processes for 
Bleaching and Dyeing Silk, Wool, Cotton, Linen, Flannel, Fell 
f^ress Goods, Mixed and Hosiery Yarns, Feathers, Grass, Felt, Fur, 
Wool, and Straw Hats, Jute Yarn, Vegetable Ivory, Mats, Skins,. 
Furs, Leather, etc., etc. By Wood Aniline, and other Processes, 
together with Remarks on Finishing Agents, and instructions in the 
Finishing of Fabrics, Substitutes for Indigo, Water-Proofing of 
Materials, Tests an-i Purification of Water, Manufacture of Aniline 
and other New Dye Wares, Harmonizing Colors, etc., etc. ; embrac- 
ing in all over 800 Receipts for Colors and Shades, accompanied by 
170 Dyed Samples of Raw Materials and Fabrics. By F. J. BlKi>. 
Practical Dyer, Author of "The Dyers' Hand-Book." 8vo. ^5 00 



HENKY CAKEV UAIRD Ik CO.'S CATALUGUE 



faLINN— A Practical Workshop Companion for Tin, Sbeet- 
rron, and Coppet-plale Wotkers: 
Lontaiiiing Rules Tor desciihing variou'; kinds of Pattmis used bj 
Tin, Sheet-Iton and Copperplate Wi.rkers; Pr/ictical Geoineti7I 
Mensuration of Surfacea and Solids ; Tobies of Ihe Weighti ot 
Melnls, Lead-pipe, etc.; Tables of Areas and Circumierence* 
..f Circles; Jnpan. Varnishes, LicVer^. Cements, Comn- silions. etc.. 
etc. By Lekov J. Bunn, Master Mechanic. With One Hundred 
and Seventy lUubtralionB. ilmo. <a>SO 

aOOTH.— Marble Worker's Manual : 

Containing I'raclieal Infomiatioii respecting Marbles in general, thdi 
Culling, Working and Pulisliing; Veneering of Marble; Mosaics; 
Composition and Use of Artificial Marble, Sluccos, Cemenis, Receipts, 
Secrets, etc., etc. Translated from the French by M. L. BeWTH. 
Withan Appendix concerning American Marbles, izmo., cloth tl.50 

BRANNT.— A (tactical Treatiae on Animal and Vegetabll 
Fats and Oils : 

Comprising both Fixed and Volatile Oils, their Physical and Chem- 
ical Properties and Use», the Manner of Exlractini; ant! Refining 
them, and Practical Rules lot Tesling lUeni ; as well as Ihe MaoufBC- 
ture of Artificial Butter and Lubricants, etc., with lists of Aniedca" 
Pal enis relating lolhe Extraction, Rendering, Kefiniu);, UecompOAing, 
and Bleaching of Fats and Oils. By William T. Hkasnt, Editor 
of the " Teclino Chemical Receipt B'xik." Second Edition, Revised 
and in a great part Rewritten. Ulustraled by 308 Engravings. In 

Two Volumes. 1304 pp. 8vo f 10.00 

BRANNT. — A Practical Treatise on the Manufacture of Soap 
and Candles ; 
Based upon ihe most Heccnl Expeririices in the Practice and Science; 
compii->ing the Chemistry, Raw Materials, Maihine v. and Uiensili 
and Various Processes of ManufacLure, including a great variety of 
formulas. Edited chiefly frum the German cif Dr C. Dtiie, A. 
Engelhardt, Dr. C. Schaedler and other*; with additions and lisl> 
of American Patents relating to these subiecis. By Wm, T. JJRANNT 
niuEtrated by 163 engravings. 677 pages. 8vo. . . f 13.5a 

BRANNT —India Rubber, Gutta-Percba and Bslata : 

Occurrence, Geographical Distribution, and Cultivation, OUlniniug 
and Preparing the Raw Materials, Modes of Working and Utilizing 
them. Including Washing, Maceration, Mixing, Vulcanizing, Rubber 
and GuEla-Percba Compounds, L'lilizauon of Waste, etc l)y WlLL- 
UHJ. BRAJiNT. Ulustraled- lanio. (1900.) *3-«» 
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BRANNT— WAHL.— The Tecbno-Chemical Receipt Book : 

Containing several thousand Receipts covering the latest, most im. 
portant, and most useful discoveries in Chemical Technology, and 
their Practical Application in the Arts and the Industries. Edited 
chiefly from the German of Drs. Winckler, Eisner, Heintze, Micr- 
zinski, Jacobsen, Koller and Heinzerling, with additions by \Vm. T. 
Brannt and Wm. H. Wahl, Ph. D. Illustrated by 78 engravings. 
l2mo. 495 pages ^2.00 

BROWN. — Five Hundred and Seven Mechanical Movements : 
Embracing all those which are most important in Dynamics, Hy- 
draulics, Hydrostatics, Pneumatics, Steam Engines, Mill and other 
Gearing, Presses, Horology, and Miscellaneous Machinery ; and in- 
cluding many movements never before published, and several of 
which have only recently come into use. By Henry T. Brown. 
i2mo. ..••••... ^i.oo 

BUCKM ASTER.— The Elements of Mechanical Ph3r8ics : 
By J. C. BucKMASTER. Illustrated with numerous engravings. 
i2mo $1.00 

9ULLOCK. — The American Cottage Builder : 
A Series of Designs, Plans and Specifications, from $200 to $20,000, 
for Homes for the People; together with Warming, Ventilation, 
Drainage, Painting and Landscape Gardening. By John Bullock, 
Architect and Editor of " The Rudiments of Architecture and 
Building," etc., etc. Illustrated by 75 engravings. 8vo. 

BULLOCK. — The Rudiments of Architecture and Building : 
For the use of Architects, Builders, Draughtsmen, Machinists, En- 
gineers and Mechanics. Edited by John Bullock, author of " The 
American Cottage Builder." Illustrated by 250 Engravings. 8vo. $2.50 

BURGH. — Practical Rules for the Proportions of Modem 
Engines and Boilers for Land and Marine Purposes. 

By N. P. Burgh, Engineer. I2m(>. .... ^$1.50 

BYLES. — Sophisms of Free Trade and Popular Political 
Economy Examined. 
By a Barrister (Sir John Barnard Byles, Judge of Common 
Pleas). From the Ninth English Edition, as published by the 
Manchester Reciprocity Association. i2mo. . . . <fi.25 
BOWMAN.— The Structure of the Wool Fibre in its Relation 
to the Use of Wool for Technical Purposes: 
Being the substance, with additions, of Five Lectures, delivered at 
the request of the Council, to the members of the Bradford Technical 
College, and the Society of Dyers and Colorists. By F. H. Bow- 
man, D. Sc, F. R. S. E., F. L. S. Illustrated by 32 engravings. 

8vo 

BYRNE. — Hand-Book for the Artisan, Mechanic, and Engi' 

neer : 

Comprising the Grinding and Sharpening of Cutting Tools, Abrasive 

Processes, Lapidary "Work, Gem and Glass Engraving, Varnishing 

and Lackering, Apparatus, Materials and Processes for Grinding and 
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PolislimE, elc. By Oliver Bvrne. Illusiraicd by 185 wood en- 
gravings. Bvo. J5.00 

SVRNE.— Pocket- Boole for Railroad and Civil Eneineen : 
ConUiiiilig New, Eiact and Concise Methods fui Laying out RiilR»4 
Curves, Swilche.s Krog Angles and Crossings; the Staking out of 
work; Levelling; the Calculmion of Cuttings: Embankments; Earth- 
work, etc By Oliver Bvrne. iSmo., full bounii, pocket-book 

r-"" Ji.so 

bYRNB.— Tne Practical Metal- Worker's ABsistant : 
Comprising Mclallurgic Chemistry; the Arts of Working ^11 Metali 
andAllnya; Forging of Iron and Steel; Hardening and Tempering ; 
Helling and Mixing; Casting and Founding ; Works in Sheet Metal; 
the Processes Dependent on the Ductility of the Metals; Soldering; 
and the moat Improved Processes and Tools employed by Metal- 
workers. With the ApplicaUon of th« Art of Electro -Metallurgy to 
Manuraclurlng Processes; collected from Original .Sources, and from 
the works of Holliaplfel, Bergeron, Leupold, Pinmier, Napier, 
Scoffern, Clay, Fairbairn and oibeni. By Oliver, Bvrne. A new, 
revised and improved edition, to which is added an Appendix, con- 
taining The Manufacture of Rus^iian Sheet-Iron. By JuiiN Percy, 
M. D., F. R. S. The Manufacture of Malleable Iron Castings, and 
Improvenienis in Hessemer ^teel. By A. A- FE5qt;ET, Chemist and 
Engineer. With over Six Hundred Engravings, Illustrating every 
Branch of the Subject. 8vo tS-aO 

BYRNE.— The Piactical Model Calculator: 

For the Engineer, Mechanic, Manufacturer of Engine Work, Naval 
Architect, Miner and Mill« tij;hi. By Oliver Bvrne. 8vo., nearly 
600 pages [Scarce.j 

CABINBT MAKER'S ALBUM OP FURNITURE: 
Comprising a Collection of Designs for various Styles of Furniture. 
Illustrated by Forly-eight Large anci Beautifully Engraved Plates. 
Oblong, 8vo. Ii.jo 

CALLIM'GHAM.— Sign Writing and Glaas Embossing: 
A C-mnlHe Practical Illustrated Manual of Ihc Art. By James 
Callinghau. To which are added Numeroiu Alphabets and the 
Art of Letter Painting Made Easy, Bj jAMES C. Babenoch. ajS 

pagei. lamo. $iS° 

CAMPIN.— A Practical Treatise on Mechanical Engineenng: 
Comprising Metallurgy, Moulding, Casting, Forging. Tools. Work. 
shop -Machinery, Mechanical Manipulation, Manufacture of Steam- 
Engines, etc. Wilh an Appendix on the Analysis of Iron and Iron 
Ores, By Fpancis Camfin, C. E. To which areaddcd. Observation! 
CO the Construction iif Sleani Boilers, and Remarks upon Furnacet 
used for Smuke Prevention; whh a Chapter on Explosions. By R. 
Armstrong, C. E., and John Bourne. (Scarce.) 
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CAREY.— A Memoir of Henry C. Carey. 

By i)R. Wm. Elder. With a poriraii. 8vo., cloth . . 75 
CAREY.— The Works of Henry C. Carey : 

Harmony of Interests : Agricultural, Manufacturing and Commer- 
cial. 8vo. ..... . . $^'2y 

Manual of Social Science. Condensed from Carey's ** Principles 
of Social Science." By Kate McKean. I voL l2mo. . j|2.oo 
Miscellaneous Works. With a Portrait 2 vols. 8vo. Iiooo 

Past, h resent and Future. 8vo ^2.50 

Principles of Social Science. 3 volumes, 8vo. . . |(io.co 
The Slave-Trade, Domestic and Foreign; Why it Exists, and 
How it may be Extinguishe<l (185,0 S^o. , . . ^2.00 
The Unity of Law: As Exhibited in the Relations of Physical, 
Social, Mental and Moral Science (1872). 8vo. . . $2.50 

CLARK. — Tramways, their Construction and Working : 

Embracmg a Comprehensive History of the System. With an ex' 
haustive analysis of the various modes of traction, including horse- 
power, steam, heated water a.nd compressed air; a description of thf 
varieties of Rolling stock, and ample details of cost and working ex< 
p'^.nses. By D. Kinnear C».ark. Illustrated by over 200 wood 
enjjravings, and thirteen folding plntes. I vol. 8vo. . ^5.00 

COLBURN.— The Locomotive Engine : 
Includnig a Description ol its Structure, Rules for Estimating its 
Capabilities, and Practical Observations on its Construction and Man- 
agement. ByZERAH CoLBURN. Illustrated. i2mo. . ^1.00 

COLLENS. — The Eden of Labor ; or, the Christian l^topia. 
By T. Wharton Collens, author of " Humanics," "The Histoij 
of Chnrity," etc. l2mo. Paper cover, jf 1.00; Cloth . ^1.25 

COO LEY. — A Complete Practical Treatise on Perfumery: 
Being a Hiand-book of Perfumes, Cosmetics and other To» let Article! 
With a Comprehensive Collection of Formulae. By ARNOLD J 
CooLKY. i2mo ^1.50 

COOPER.-— A Treatise on the use of Belting for t^e Traafc- 
mission of Power. 
With numerous illustrations of approved and actual meliiods of ar 
ranging Main Driving and Quarter Twist Belts, and of Belt Tasten 
ings. Examples and Rules in great number for exhibiting and cal 
culating the size and driving power of Belts. Plain, Particular and 
Practical Directions for the Treatment, Care and Mantgement o' 
Belts. Descriptions of many varieties of Beltings, together willi 
chapters on the Tran-^mission of Power by Ropes; by Iron and 
Wood Friclional Gearing; on the Strength of Belting Leather; and 
on the Experimental Investigations of Morin, Briggs, and \Ahers. B| 
John H. Cooper, M. E. 8vo I3.5C 

CRAIK.— The Practical American Millwright and M^Uer. 
By David Craik, Millwright. Illustrated by numerous wooa en^ 
gravings and two folding plates. 8vo. . • • . (ScarceJ 



CROSS.— The Cotton Yam 

Showing how the Pteparalion hhuultJ be arr.inged for Differeni 
Counts or Toms by H Syslem mure uiiirorin tliaii lias biibcno beca 
praclicedi by having a Mamlani Si:Iicdule frum uliicli wc make all 
our Clianges. By RtCIlARD CkosS. izz pp. I2niu. . 75 

CRISTIANI.— A Tech -.icat Treatise on Soap and Candles: 
With a Glance at llie Iiidiiitty of I-ata and Oils, liy H. S. Ckis- 
TIANI, Chemist. Author of ■' I'L-rfameiy aud Kindred Arts." lllus- 
traled by 176 engravings. 5S1 l)ay:es, Si'o. fl;.CK> 

COURTNEY.— The Boiler Maker's A<;sistant in Drawing, 
Templating, and Calculating Bailer Work and Tank 
Wock, etc. 
Revised by D. K. Clark. 102 ills. Fiflh ediiioii. . . So 

COURTNEY— The Bailer Maker's Ready Recuoner: 

Wilh Examples of Practical Gei>n.i,-lry and Tempbtiii};. Revised bjr 
D. K. Clark, C. E. 37 illustrauons. Fiflh edilion. . $1.60 

DAVIDSON.— A Practical Manual oF House Painting, Drain- 
ing, Marbling, and Sign- Writing; 
Oinlaimnt; full informaiioii on ihe processes of Ilonse Painling ie 
Oil and Distemper, the Formaiion of Inciters and Practice of Sign 
Wriling, the Piinciplea of Uecocalive Art, a Course of Elememarv 
Drawing for House Painiers. Writers, etc., and a CHeclionof Useful 
Receipts. With nine colored illusiralions of Woods and Marhlea, 
and Dumerous ivood engravings. By Et.Lls A Davidson, ismo. 

DA VIES.— A Treatise on Earthy and Other Minerals and 
Mining: 

By D. C. Davies, F, G. S., Mining Engineer, etc. Illnslrated by 
76 Engravings, iztno. . t5 00 

DAVIES. — A Treatise on Mct-Iliferaus Minerals and Mining; 
B» D. C. Davies, F. G. S , Mimng Engineer, Examiner of Mines, 
Quarries and Collieries. IlIustrsteLi by 148 engravings of Geologieal 
t'ormations. Mining Operations ami Mnchinery, draivn from ihe 
practice of all pans of tiie worM. Fifth Edition, thoroughly Revised 
and much Enlarged by bis son, £. Henry Davies. I2ma , 5^ 
pages . . f 5 00 

DIETERICHS.— A Treatise on Friction, Lubrication. Oils 
and PaiH : 
The Manufacture ol Lubricating Oils, Paint Oils, and of Grease, nnd 
the Tesling of Oils. By E. F. DiETkBlCHS, Member of tlie Franklin 
Inslilulc ; Member National Assoclatmn of Malionary Engineers; 
InveQlorofDietcriehs'Val.e-Oleum LubricaiingOila. lamo, (1906,) 
A firartiialboothy a pra.lira! man *i.aS 

DAVIS— A Practical Treatise on the Manufacture of Brick, 

Tiles and Terra-Cotta T 

Including Stiff Cl»y, Dry Clay, Hand Made, Pressed or Front, and 

RnariMay Pavinff Brick, En/imelle.i Brick, with Glares and Color*, 

Fire Brick and Blocks, .Silica Brick, Carbon Brick, Glass Poti, R«- 
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torts, Arcliitectural Terra-Cotti, Sewer Pipe, Drain Tile, Glazed and 
Unglazed Roofing Tile, Art Tile, Mosaics, and Imitation of Intarsia 
or Inlaid Surfaces. Comprising every product of Clay employed in 
Architecture, Engineering, and the Blast Furnace. With a Detaded 
Description of the Dirterent Clays employed, the Most Modern 
Machinery, Tools, and Kilns used, and the Processes for Handling, 
Disintegrating, Tempering, and Moulding the Clay into Shape, Dry- 
ing, Setting, and Burnmg. By Charles Ihonias Davis. Third Edi- 
tion. .Revised and in great part rewritten. Illustrated by 261 
engravings. 662 pages ....... $20,QO 

DAVIS. — A Treatise on Steatn-Boiler Incrustation and Meth* 
ods for Preventing Corrosion and the Formation of Scale: 
By Charles T. Davis. Illustrated by 65 engravings. 8vo. 

DAVIS. — The Manufacture of Paper : 

Being a Description of the various Processes for the Fabrication, 
Coloring and Finishing of every kind of Paper, Including the Dif- 
ferent Raw Materials and the Methods for Determining their Values, 
the Tools, Machines and Practical Details connected with an intelli- 
gent and a profitable prosecution of the art, with special reference to 
the best American Practice. To which are added a History of Pa- 
per, complete Lists of Paper- Making Materials, List of American 
Machines, Tools and Processes used in treating the Raw Materials, 
and in Making, Coloring and Finishing Paper. By Charles T. 
Davis. Illustrated by 156 engravings. 608 pages, 8vo. |6.oo 

DAVIS. — The Manufacture of Leather: 

Being a Description of all the Processes for the Tanning and Tawing 
with Bark, Extracts, Chrome and all Modern Tannages in General 
Use, and the Cunying, Fimslung and Dyeing of Every Kind of Leather; 
Includmg the Various Raw Miiterlals, the Tools. Machines, and all 
Details of Importance Connected with an Intfllitrent and Pnifitable 
Prosecution of the Art, with Special Reference to the Best American 
Practice. To which are added Lists of American Patents ( 1884-1897) 
for Materials, Processes, Tools and Machines for Tanning, Currying, 
etc. By Charles Thomas Davis. Second E<iition, Revised, and 
in great part Rewritten. Illustrated by 147 engravings and 14 Sam- 
ples of Quebracho Tanned and Andine Dyed Leathers. 8vo, cloth» 

712 pages. Price $12.^0 

DAWIDOWSKY— BRANNT.— A Practical Treatise on tibe 

Rav^ Materials and Fabrication of Glue, Gelatine, Gelatine 

Veneers and Foils, Isinglass, Cements, Pastes, Mucilages, 

etc. : 

Eased upon Actual Experience. By F. Dawidowsky, Technical 

Chemist. Translated from the German, with extensive additions. 

including a description of the most Recent American Processes, by 

William T. Brannt. 2d revised edition, 350 pages. (1905.) 

Price .......... $3.00 

DE GRAFF.— The Geometrical Stair-Builders' Guide:' 

Being a Plain Practical System of Hand-Railing, embracing all its 
necessary Details, and Geometrically Illustrated by twenty. two Stee 
Engravings ; together with the use of the most approved pnnciplp 
rf Practical Geometry By Simon De Graff, Architect (oc«u<je.» 
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DE KONINCK— DIETZ.— A Practical Manual of Chemicri 
Analyais and AsBaying: 

A«app!>e<l[olhe Manual dure of Iron Trom its Ores, and <o Cast ItOM, 
Wrought Iron, and Sleel, as foiin-l iii Commerce. By L. L. Dl 
KoNrNCK, Dr. Sc, and E. DiETZ, Engineer. Ediled wilh Notes, bj 
RoBEBT Mallet, F. R. S., F. S. G„ M. I. C. E.. elc. AmericM 
Edition, Ediied wilh Notes and an Appendix on IroK Ores, by A. A. 
FesqueT, Chemist and Engineer, iznio. , , . (l.oo 

DUNCAN-— Practical Surveyor's Quide: 
Containing the necessary informatiun to make any person of cami 
mon capacity, a finished land surveyor without the aid of a teacher, 
By Andrew Duncan. Revised. 72 eneravines, ?i4pp. izmo. 81.50 

DUPLAIS. — A Treatise an the Manufactuie and DistiUatloa 
of Alcoholic Liquors ; 
CompriainE Accurate and Complete Details in Regani to Alcohol 
from Wine, Molasses, Beels, Crain, Rice, Polatoe?, Sorehum, Aspho 
del. Fruits, elc. ; with the Di-tillation and Rectification of Brandjr 
Whiskey, Rum, Gin, Swiss Absinthe, etc., the Preparption of Aro- 
Malic Waters, Volalile Oils or Essences, Sugars, Syrups, Aromatil 
Ttoctnres, Liqueurs, Cordial Wines, EITervescing Wines, etc. tk> 
Ageing of Brandy and the improvement of Spirits, with CoidoM 
Directions and Tables for Testing anil Reducing .S}>iritiious Liqnon, 
«c, elc. Translated and Edileil from the French of MM. DUPLAIS. 
Bf M. McKennie. M. D. Illustrated 743 pp. 8vo. tIS<00 

DYER AND COLOR-MAKER'S COMPANION: 
Cootaining upwards ol Iwo hundred Reci^ipts for making Colon, O* 
the most approved ;>riiii:iples, for all the various styles and fabrics now 
iaevLStence; with the Scouring Proces.'^, and plain Directions fof 
PrqMuing, Washing-nff, and finishing the Goods, izmo. $1 00 

BIDHERR.— The Tech no -Chemical Guide to Distillation: 
A Hanil-Buok for the Manufacture of Alcohol and Alcoholic Liquonk 
including the I'reparatioii uf Malt and Compressed Yeast. Edited 
from the German of Ed. Eidherr. 

IDWARDS.~A Catechism of the Marine Steam -Engine, 
For the use of EoRineers, Firem.^11. and Mechanics. A Practical 
Work for PratEica! Men. By Emory Edwards. Mcchatiical Engi- 
neer. lUustraied by sixty three En(;mvings, incluiling examples iil 
ihe most modern Engines. Third edition, thoroughly revised, with 
much additional matter. I2mo. 414 pages . ,82 00 

EDWARDS. — Modem American Locomotive Engines. 
Thcdr Design, Construction and Management. By Emorv EdWASDSi 
TItnWated I2m0 $I.oO 

EDWARDS.— The American Steam Engineer: 

Theoretical and Prootical, with e^ilmplE^ of the late.', and most ap- 
proved American practice in the design and construction of Steam 

v^ers, and engineering siudcnis. By Emoky Edwards. Fully 
lltimrated, 419 pages. l2ino. - . ■ ■ fz.oo 
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«BOWARDS.~Modem American Marine Engines, Boiteft, tiM 

Screw Propellers, 
Their Design and Construction. Showing the i*resent Pracoce oi 
the mo>t Eminent Engineers and Marine Engine Buildeis in the 
United States. Illustrated by 30 large and elaborate plates. 4to. ^3.00 
EDWARDS.— The Practical Steam Engineer's Guide 
In the Design, Construction, and Management of Americnn Stationary, 
Portable, and Steam Fire- Engines, Steam Pumps, Boilers. Injector^ 
Governors, Indicators, I'istons and Rings, Safety Valves and Steam 
Gauges. For the use of Engineers, Firemen, and Steam Utters. B) 
EifORY Edwards. Ulustnued by 119 engravings. a2o pages. 

i2mo ^2.00 

BISSLER.— The Metallurgy of Silver : 

A Practical Treatise on the Amalgamation, Roasting, and Lixivi^ition 
of Silver Ores, including the Ass tying, Meliing, and Refining of 
Silver Bullion. By M. Eissler. 124 Illustrations. 336 pp. 
i2mo. .. ^ ...... . jM-^S 

ELDER. — Conversations on the Principal Subjects of Political 
Economy. 
By Dr. William Elder. 8vo. ... , $16^ 

ELDER. — Questions of the Day, 
Economic and Social. By Dr. William Elder. 8vo. . ^3.00 

ERNI AND BROWN.— Mineralogy SimpUfied. 

Easy Methods of Identifying Minerals, including Ores, by Means of 
the Blow-pipe, by tlame Reactions, by Humid Chemical Analysis, 
and by Physical lests. By Henri Erni, A. M., M. D. Fourth Edi- 
tion, revised, re-arranged and with the addition of entirely new matter, 
including Tables for the Determination of Minerals by Chemical and 
Pyrognostic Characters, and by Physical Characters By Amos P. 
Brown, E. M, Ph D. 464Pr>..i]lii<:trate(1by 123 engravings, pocket- 
book form, full flexible morocco, gilt edges . . . ^2.50 

ii'AIRBAIRN. The Principles of Mechanism and Machineiy 
of Transmission : 
Conprising the Principles of Mechanism, Wheels, and Pulleys, 
Strength and Proportion of Shafts, Coupling of Shafts, and Engag- 
ing and Disengaging Gear. By Sir William Fairrairn, Bart 
C. E. Beautifully illustrated by over 150 wood-cuts. In one 
volume, i2mo. ........ ^2.00 

FLEMING. — Narrow Gauge Railways in America : 

A Sketch of their Rise, Progress, and Success. Valuable Statistics 
as to Grades, Curves, Weight of Rail, Locomotives, Cars, etc By 
Howard Fleming. Illustrated, 8vo. . . . . |i.oo 

PORSYTH.— ^Book of Designs for Headstones, Mural, and 
other Monuments : 
Containing 78 Designs. By James Forsyth, With an Introducdoa 
by Charles Boutell, M. A. 4to., cloth . . . fa.50 

fTRIEDBERG. Utilization of Bones by Chemical Means; 
especially the Modrs of Obtaining Fat» GIue» Manures, 
Phosphorus and Phosphates. 
Illustrated* 8vo. (In preparadon.) 



HENRY CAREY BAIRD 4 CO.'S CATALOGUE. 13. 



PRANKEI^—HUTTER.— A Practical Treatise on the Mam. 
facturc of Starch, Glucose, Starch-Sugar, and Dextrine: 

Based on (he German of Laoislaus Von VVAUNtR, I'rulcBsur in th« 
Royal Technical Higli School, Bada Pesi, Hungary, and other 
■otboriiiea. By Julius Fxanksl, Graduate oi the Pulytechnic 
School of Hanover. Edited hy KUBEBT HuTfER, Chem.si, Praciical 
ManufacturEr of Slareh-Sugar. Iliuairaii-d by 5? tngtaviiigs, cover- 
ing every branch of the sulijett, inL-luding examples of tbe mod 
Recent and Best American Miichinecy. Svu., 344 pp. 

3ARDNER.— The Painter's EncyclopeediH : 
Containing Definitions of ail Important Words in !he Art of Plain 
»nd Artistic Painling, with Details of Practiue in Coach, Corringe, 
Railway Car, House, Sign, and Omamenial ['aiming, including 
Graining, MarliHng, Staining, Varnishing, Polishing, I.etlering, 
Stenciling, Gilding, Bronzing, etc. By Franklin B, Caroker. 
158 Illustrations, izmo. 427 pp Sa.oo 

OARDNER, — Everybody's Paint Book: 
A Complete Uuide to Ihe Art of Uuldoor and Indoor Painting. 3* 
illustrations, izmo, 183 pp Si.oa 

QEE,— The Jeweller's Assistant in the Art of Working in 
Ootd: 
A Practical Treatise fot Maitets and Workmen. Iimo. . ^joa 

DEE.— The Goldsmith's Handbook r 

Containing full in,trucLions ior llie Alloying ani! Working of Gold, 
including the Ait of Alloying, Melting, Reiiucing, Coloring, Col- 
lecltng, and Refining-, the Processes of Manipulation, Recovery of 
Waste; Chemical and Physical FropetltC!^ of Gold; with a New 
System of Mixing its Alloys; Solders, Enamels, and other Useful 
Rules and Recipes. By GeorcE E, Gee. tzmo. , (1.25 

OBB.— The Silversmith's Handbook : 
Containing full instruciions fur the Alloying and Working of Silver, 
inctndinic the different modes of ReiinLi>': -and Melting the Metat ; its; 
Solders; the Preparation.of Imitation Alloys; Methods of Manipula- 
tion; Prevention of Waste; Instructions (or Improving and Finishing 
iheSurfaceof Ihe Work; together with oiher Useful Infomiition and 
Memoranda. By George E. Gee, Illustrated, iznio, ti.aj, 

GOTHIC ALBUM FOR CABINET-MAKERS: 

Designs for Gothic Furniiurc. Twenty- ihree plates. Oblong fi.JO 

SRANT.— A Handbook on the Teeth of Gears : 
Their Cnrves. Pnppenies, and Praclicnl Consiruciion. By Gborgb 
B. Grant, llluslraled. Third Editicin, enlarged. Svo. $'X» 

GREENWOOD.— Iron and Steel: 
Vol. I. Iron : lis Sources, I'ropenies, and Manufacture. By Will- 
iam HsNKV GreiiNWOOU. I^eviscil and Re-»rii[en by A. Hum- 
BOLOT bEXlUN, 355pp. IlluDlraleil izmo. . . ^i.oo 

Vol. H. bleel' hs Vaneties. l'ro]>uties, and Manufaclure By 
^^IU.IAH Hesrv Greenwood. Revised and Re-wiiiten by A. 
.TON, 2S4pp, Illusiraied. i2nio. . . Jl.OO 
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GREGORY.— Mathematics for Practical Men : 

Adapted to the Pursuits of Surveyors, Architects, Mechanics, and 
Civil Engineers. By Olinthus Gregory. 8vo., plates ^3.00 

GRISWOLD.— Raihroad Engineer's Pocket Companion for tbi 
Field : 
Comprising Rules for Calculating Deflection Distances and Angles^ 
Tangential Distances and Angles, and all Necessary Tables for En 
gineers; also the Art of Levelling from Pre^liminary Survey to the 
Construction of Railroads, intended Expressly for the Young E»- 
gineer, together with Numerous Valuable Rules and Examples. By 
W. Griswold. i2mo., tucks ^I-5o 

GRUNER. — Studies of Blast Furnace Phenomena: 

By M. L. Gruner, President of the General Council of Mines oS 
France, and lately Professor of Metallurgy at the Ecole des Mines 
Translated, with the author's sanction, with an /appendix, by L. D 
B. Gordon, F. R. S. E., F. G. S. 8vo. . . . I2.50 

Hand-Book of Useful Tables for the Lumbermant Farmei and 

Mechanic ; 

Containing Accurate Tables of Logs Reduced to Inch Board Meas. 
ure. Plank, Scantling and Timber Measure ; Wages and Rent, by 
Week or Month; Capacity of Granaries, Bins and Cisterns; litnd 
Measure, Interest Tables, with Directions for Finding the Interest on 
any sum at 4, 5, 6, 7 and 8 per cent., and many other Useful Tables. 
32 mo., boards. 156 pages ...... .25 

HASERICK.— The Secrets of the Art of Dyeing Wool, Cotton 
and Linen, 
Including Bleachir.g and Coloring Wool and Cotton Hosiery and 
Random Yarns. A Treatise based on Economy and Practice. By 
E. C. Haserick. Illustrated by 323 Dyed Patterns of the Yarm 
or Fabrics. 8vo 1(5.00 

HATS AND FELTING: 
A Practical Treatise on their Manufacture. By a Practical Hattei 
Illustrated by Drawings of Machineiy, etc. 8vo. • • ^i.oo 

HERMANN. — Painting on Glass and Porcelain, and Enamel 

Painting : 
A Conaplete Introduction to the Preparation of all the Colors and 
Fluxes Used for Painting on Glass, Porcelain, Enamel, Faience and 
Stoneware, the Color Pastes and Colored Glasses, tc^ether with a 
Minute Description ot the Firing of ColorB and Enamels, 00 tht 
Basis of Personal Practical Experience of the Art up to Date. 18 
illustrations. Second edition* f4.oo 

HAUPT. — Street Railway Motors: 
With Descriptions and Cost of Plants and Operation of the Variom 
Systems now in Use. lO'-^*^ , , . . ^1*5^ 
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rHAUPT. — A Manual of Engineering SpeciGcaliona snd Coo- 
By Lewis M. Haupt, C. E. Illuslraled with nomereufl maps. 
3aSpp. 8va J3 00 

Haupt.— The Topographer, HiB Instrurticnls and Methods, 
By Lewis M. [Iauft, A. M., C. E. IlluMraied wiili numerous 
plaics, maps and engiaviugs. 247 pp. Svo. . , . J3.00 

HUOHES. — American Miller and Millwright's Afialstant: 

By William Carter Hughes, izmu (i.jo 

HULMB, — Worked Examination Queaiions in Plane Geomet- 
rical Drawing ; 
For the Use uf Candiiiales for llie Royal Military Academy, Wool. 
Wich; Ihe Ri>yal Military C.llege. Sandhurst ; Ihe Indian Civil Ec 
gineering C.llege, Cooper's Hill; Indian Public Works and Tele- 
graph DtpartmeniK ; Ruyal Marine Li):li I Infantry; Ihe Oiliird and 
Cambridee Local Examinations, etc. By F. Edward Hiilme, F. l. 
&., F. S. A., An-Master Marlborough College. lHustraled by 300 
examples. Small quarts . . . ■ . ■ (l oo 

JBKVIS,— Railroad Property: 

A Trealise on Ihe Con-.truciion and Management of Railways; 
desicncd lo sBord useful knowledge, in the (lopul.nr style, to tli« 
holders of Ihis class of properly ; as well as Railuay Manager*, (Jffi 
cers, and Agenls. By John B. Jeilvis, late Civii Engiueer of the 
Hud'on River Railroad, Crolon AqucduCI, etc. i2nio.,clolh J1.50 
KBENB.— A Hand-Book of Practical Gauging: 
For Ihe Use of Beginners. 10 which i-^ added a Chapter on Dislilla 
tion, describing the proccFis in operation al the Custom-House foi 
aBcenaining tlie Strength of Wines. By JAMES B. Keene, of H. M. 

Cuiilom';. Svo f I oc 

KELLEY.— Speeches, Addresses, and Letters on InduBtrial and 
Financial Questions : 
By Hon. William D. Kei.i.ev. M. C. 544 pages, 8vo, . (2.50 
KOBNIO.— Chemistry Simplified: 

A Course of Lectures on llie Non-Metals Rosed upon the Natural 
Evolution of Chemisiry. Designed Primarily for Engineers. By 
George Augu.tus Koenig, Ph.D., A.M.. E, M., Professor of 
Cliemistry. Michispin College of Mines, HougiUon. lUustfatcd by 
103 Original Drawings. 449 pp. I2mo., (1906). . . (z.25 

KBMLO.— Watch- Repairer's Hand-Book: 
Being a Complele Guide 10 the Young Beginner, in Taking Apart 
Putting Together, and Thoroughly Cleaning Ihe English Lever and 

" ,and all An ■■' ' " " " 

With lUiis 
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KENTISH.^— A Treatise on a Box of Instruments, 

And the Slide Ruie ; with the Theory of Trigonometry and Loga> 
rithms, including Practical Geometry, Surveying, Measuring of Tim 
bcr, Cask and Malt Gauging, Heights, and Distances. By THOMAf 
Kentish. In one volume. i2mo. , . , , ^i.ot 

KERL.^The Assayer*s Manual: 

An Abridged Treatise on the Docimastic Examination of Ores, and 
Furnace and other Artihci il Products. By Bruno Kerl, Professor 
in the Roval School of Mines. Translated from the German by 
William T. Brannt. Second American edition, edited with Ex- 
tensive Additions by F. Lynwood Garrison, Member of the 
American Institute of Mining Engineers, etc. Illustrated by 87 en- 
gravings. 8vo. (Third Edition in preparation.) 

KICK. — Flour Manufacture . 
A Treatise on Millinw Science and Practice. By Frederick Kick 
Imperial Regierungsrath, Professor of Mechanical Technology in tht 
imperial German Polytechnic Institute, Prague. Translated froro> 
the second enlarged and revised edition with supplement by H. H. 
P. PowLES, Assoc. Memb Institution of Civil Engineers. Illustrated 
with 28 Plata's, and 167 Wood-cuts. 367 pages. 8vo. . ^10.00 

^NGZETT.— The History, Products, and Processes of th» 
Alkali Trade : 
including the most Recent Improvements. By Charles Thohai- 
K'^'^.7F.Tr Con5;nItin? Chemist. With 23 illustrations. 8vo. |2.50- 

KIRK. — The Cupola Furnace: 

A Practical Treatise on the Construction and Management of Foundry' 
Cupolas. By Edward Kirk, Practical Moulder and MelCer, Con* 
suhing Exi)ert in Meliing. Illustrated by ^6 engravings. Second 
E<iiti»)n, revised an(i enlarged. 450 pages. 8vo. 1903. $SS^ 

1«ANDRIN.— A Treatise on Steel : 

Comprising its Theory, Metallurgy. Properties, Practical Working,, 
and Use. By M. H. C. I jindrin, Jr. From the French, by A. A. 
Fesquet. i2mo |2.oa 

LANGBEIN.'A CcRiplete Treatise on the Electro-Deposi 
tion of Metals : 
Comprising Electro- Plating and Galvanoplastic Operations, the De- 
position of Metals by the Contact and Immersion Processes, the Color* 
ing of Metals, the Mt-thods of Grinding and Polishing, as well a^ 
Lescription of the Voltaic Cells, Dynamo-Electric Machines, Ther* 
mopylcF, anil of the Materials and Processes Used in Every Depart- 
ment of the Art. Irauslatcd from the Fifth Cierman Edition ot 
Dr. GhORGE 1 ANGBEIN, I roprictor of a Manufactory for Chemical 
Products, Machines, Apparatus and Utensils for Electro- Platers, and 
of an Flectro-I lating Estai>iishment in Leipzig. With Additions by 
William T. Brannt, Fditoi of *'The Techno-Chemical Receiji 
Book.'* Sixth Edition, Revised and Enlarged. Illustrated by 163 
Engravings, 8vo , 725 pages (1909) . . . . . ^00 

LEHNER.— The Manufacture of Ink: 

Comprising the Ravir Materials, and the Preparation df W-iting, 
Copying and Hekiograph Inks, Safety Inks, Ink Extracts and Pow. 
ders, etc Translated from the German of SiGMUND Lehnbr, with 
•dditionsby Willi AUT. Brannt. Illustrated, lamo. tuac^ 
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Z.ARKIN.— The Fracucai Brass and Iron Founder's Guide t 

A Concise Treatise uii Brass KounUing, Muulding, ihe Metals Mtd 
their Alloy's, ell-.; lo wnich are added Kecenl linprovemenls in tha 
Jlanufaclure uf Irun, Steel by the Bessemer Proc&,s, etc., etc. B} 

- Tames Larkin, lale ConducLor a( tlie Bras. Founiiry Departmeot ii 
■■ Reany, Neafie & Co.'s Penn Works, PiiUadelphia. New edition, 
icvi&ed, with extensive additions. 414 pages, izino. . fX-SO 

i>BROUX.— A Practical Treatise on the Manufacturr of 
Worsteds and Carded Yams: 
Comprising Praciicil Mcclianics, wilh Rules and Calculations applieii 
to Spinning; Sorting, Cleaning, and Scouring Wouls; Ihe [English 
and French Methods of Comhing, Drawing, and Spinning Worstedi, 
and Manufacturing Caroled Varni. Transited from the French of 
CUARL.ES Leroux, Mechnnical Engineer and Supennlendent of i 
Spinning-Mill, by Hokatio Paine, M. D., and A. A, Fesquet, 
Cnen;ii<-t and Engineer. Illustrated by twelve large Plates. To whick 
fcladdcd an Appendix, conmining Exlracls from the Reports of in« 
Intematinnal Jury, and of the Arlisans selected by the Committa 
appointed by the Council of the Society of Arts, London, on WooIm 
and Worsted Machinery and Fabrics, as exhibited in the Paris Unk 
versa) Enpositlon, 1867. gvo. $4.00 

jLBPFEL.— The Construction of Mill-Dams : 

( Comprising alfO ihe Building of Race and Reservcir Enibaiikmenu 

4nd Head-Gales, the Measurement of Streams, Gau;iing of Walet 

Snpi^y, etc. By jAMfiS Leiffrl & Co. Illustrated by j8 engravings, 

Svo (Scarce.) 

iiESLIB. — Complete Cookery: 
Directions for Cr>okery in iu Varions Branches. By Miss LEJiLrs 
Sixlielh ihoBsand. Thoroughly revised, with the addition of Neu 



leipts. 



»i.50 



LE VAN.— The Steam Engine and the Indicator: 

Their Origin and Progressive Develoimieni ; including the MoM 
Recent Examples of Steam and Gas Mrllor^i, together with the Imli- 
caior, its Principles, its Uiilily, and its Application. By William 
Baknet Lk Van. Illustrated tiy 205 Engravings, chisfiy of Iiidi 

< cator-Caids. 469 pp. Svo f 2,00 

fclBBBR. — Assayer's Guide : 

W Or, Practical Directions to Ai«ayets, Miners, and Smelters, for the 
7 Testa and Assays, by Heat and by Wet Processes, ior the Ures of ■ I 
* Ik principal Metals, of Cold and Silver Coins a»d Alloys, and of 
f (joal, etc. By Oscar M. Likrer. Revised. 283 pp. lam... (1.50 

id's Dictionary of Terms: 
If ■U»ed in the Practice of Mechanical Engineering, erahnicing those 
FCnrrenl in the Drawing Office, Pattern Shop, Foundry, Fitting, Turn- 
I llu. Smith's and Boiler Shop, etc, etc., comprising upwards o( Six 
1 Tbmisand n-flnitionfi. Edited hy a Foreman Pattern Maker, aulhol 
f^«P«t»'i> ilaking." 417 «>• i^no- J*7S 
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LUKIN.— The Lathe and Its Uses : 
Or Instruciion in the Art of lurning Wood and Metal. Indading 
a Description of the Most Modern Appliances for the Ornamentation 
of Plane and Curved Surfaces, an Entirely Novel Form of Lathe 
for Eccentric and Rose-Engine Turning; A Lathe and Planing 
Machine Combined; and Other Valuable Matter Relating to the 
Art Illustrated by 462 engravings. Seventh edition. 315 pages. 
Svo. . • • • #4-^5 

MAIN and BROWN.— Questions on Subjects Connected with 
the Marine Steam- Engine : 
And Examination Papers; with Hints for their Solution. By 
Thomas J. Main, Professor of Mathematics, Royal "^aval College, 
and Thomas Brown, Chief Engineer, R. N. i2nio., cloth . 

MAIN and BROWN. — The Indicator and Dynamometer: 
With their Practical Applications to the Steam-Engine. By Thoiias 
J. Main, M. A. F. R., Ass*t S. Professor Royal Naval College, 
Portsmouth, and Thomas Brown, Assoc. Inst. C. £., Chief Engineei 
R. N., attached to the R. N. College. lUustraied. Svo. . 

MAIN and BROWN.— The Marine Steam-Engine. 
By Thomas J. Main, F. R. Ass't S. Mathematical Professor at the 
Royal Naval College, Portsmouth, and Thomas Brown, Assoc. 
Inst. C. E., Chief Engineer R. N. Attached to the Roysd Naval 
College. With numerous illustrations. Svo. 

MAKINS.— A Manual of Metallurgy: 

By George Hogarth Makins. 100 «;ngravings. Second edition 
rewritten and much enlarged. i2mo.. 592 pages 

MARTIN.— Screv^-Cutting Tables, for the Use Jf Mechanics) 
Engineers : 
Showing the Proper Arrangement of iVheels for Cutting the Threads 
of Screws of any Required Pitch ; with a Table for Making the Uni 
versal Gas-Pipe Thread and Taps. By W. A. Martin, Engineer. 
8n> .50 

MICHBLL.--Mine Drainage: 
Being a Complete and Practical Treatise on Direct- Acting Under 
£TC>und Steam Pumping Machinery. With a Description of a laigc 
number of the best known Engines, their General Udlity and lh« 
Special Sphere of their Action, the Mode of their Application, and 
their Merits compared with other Pumping Machinery. By StephBM 
MiCHRi.L. Illustrated by 247 engrarings. 8vo., 369 pages. $12 50 

MOLESWORTH— Pocket-Book of Useful Pormulse and 
Memoranda for Civil and Mechanical Engineers. 
By Guilford L. Molesworth, Member of the Institution of Civil 
Engineers, Chief Resident Engineer of the Ceylon Railway. Full- 
bound in Pocket-book form . . t . • • $1 00 
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MOORB— The Universal Assistant and the CompleM Mi 

Containing over one Tnilliun Tndu^'lnal Facts, Catculmluns, Receipt^ 
Processes, Trades Secrets, Rules, Business Forms, Legal Items, Ktc^ 
CO every occupation, tmm the liousehiild to the Manufactory. B| 
R. MdcikE. Uiu^itrated by 500 Engravings. i2nio. , ^2.56 

MORRIS. — Easy Rules foe the MiasurenicDt of EarthwoTks: 
By means aC [he Pri^imEiidal Formula, lllusiraied with Numerov 
Wopd-Cuts. Prohlems, and E nam pies, and concluded by an Eiaen- 
sive Table for Hnding ihe SoliJily in cubic yards from Mean Areaa. 
The whole being adapted for convenient Use by Engineers, Surveynin 
Cantractora, and others needing Conect Measurements of Eaithworlt 

By Elwood MoRkis, C. E. Svo ti-S' 

MAUCH LINE— The Mine Foreman's Kand-Book 

01 Practical ami Theoretical It for mat ion on ihe Opening, Venti 
Jaling.and Working of CiUipries. Questions and Answers on Prac 
tical and Theoretical Coal Mining. Designed to Assist Students and 
Others in Pa.-»ing ExaminatiotiE for Mine FoFEmanships. By 
Robert MauCKUne. 3d Edition. Thoroughly Revised and En- 
larged by F. Eknest Brackett, 134 engravings, Svo. 378 pagca. 
('9^5) . . 13.7s 

■APIBIL— A System of Ctaemistiy Applied to Dyeing:. 
By James Napier, F. C. S. A New and Thoroughly Revised E* 
tioo. Completely brought np to the present stale of the Science, 
including the Chemistry of Coal Tar Colurs, by A. A. Fesquet, 
Chemist and Engineer. With an Appendix 0,1 Dyeing and Calico 
Printing, as shown at the Universal Exposition, Paris, 1S67. Illua 
Imted. Svo. 422 pages {2.00 

NEVILLE.— Hydraulic Tables, CoeHiciems, and Formuln, Rm 
finding the Discharge of Water from Orifices, Notches 
Weirs, Pipes, and Rivers: 
Thml Edition, with Additions, consisting of New Formula for tht 
iMscharge from Tidal and Flood Sluices and Siphons; general infor 
nation on Rainfall, Catchment- Basins, Drainaee, Sewerage, Watei 
Supply for Towns and Mill Power Bv InHN Np.vir i.h;. C. E. M R 
I. A.t Fellow of the Royal Geological Society of Ireland. ThM 

lamo Scarce 

4EWBERY.— Cleanings fiom Ornamental An of ctci^ 
style : 
Drawn from Examples in the British, South Kensington, Indian, 
Oysial Palace, and other Museums, the Exhibitions of 1851 and 
l86z, and the best English and Foreign works. In a aeries of loa 
exquisitely drawn Plates, containing many hundred examples. Bf 
Robert Newbkry. 410, (ScaiLE.) 

NICHOLLS. -The Theoretical atkd Practical Boiler>Maker and 
Engineer's Reference Book: 
Omtainini; a variety of Useful Infonnation for Employers of Lahoc 
■- a-wl Worltina Boder-Makcrs. boo. Copper, and T 
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Draoghtsmen, Engineers, the General Steam-using Pablic, and for ti» 
Use of Science Schools and Classes. By Samusl Nicholls. Blot 
trated by sixteen plaies, i2nio. $2,^" 

mCHOLSON.-^A Manual of the Art of Bookbinding : 
Containing full insiruciions in the different Branches of Forwardii^ 
Gilding, and Finishing. Also, the Art of Marbling Book-edges and 
Paper. By James B. Nicholson. Illustrated. i2mo., cloth I2.25 

NICOLLS.— The RaUway BuUder: 
A lland-Book for Estimating the Probable Cost of American Rail* 
way Construction and Ecyipment. By WlUJAM J. NiCOLLS, Civi 
Engineer. Illustrated, full bound, pocket-book form . Scarce 

NORMANDY. — The Commercial Handbook of Chemical An* 
alysia : 
Or Practical Instructions for the Determination of the Intrinsic oi: 
Commercial Value of Substances used in Manufactures, in Trades, 
and in the Arts. By A. Normandy. New Edition, Enlarged, and 
to a great extent rewritten. By Henry M. Noad, Ph.D., F.R.S., 
thick i2mo Scarce 

NORRIS. — ^A Handbook for Locomotive Engineers and Ma- 
chinists : 
Compnsing the Proportions and Calculations for Constructing Loco- 
motives; Manner of Setting Valves; Tables of Squares, Cubes, Areas, 
etc., etc. By Septimus Norris, M. E. New edition. Illustrated, 
tamo. $i.sc 

NY8TR0M. — A New Treatise on Elements of Mechanics: 
Establishing Strict Precision in the Meaning of Dynamical Terms 
accompanied with an Appendix on Duodenal Arithmetic and Me 
trology. By John W, Nystrom, C. E. Illustrated. 8vo. 

NYSTROM. — On Technological Education and the Construe^ 
tion of Ships and Screw Propellers : 
For Naval and Marine Engineers. By John W. Nystrom, Int^ 
Acting Chief Engineer, U. S. N. Second edition, revised, with add! 
tional matter. Illustrated by seven engravings, izmo. . |5l.25 

O'NEILL. — A Dictionary of Dyeing and Calico Printing: 
Containing a brief account of ail ^he Substances and Piocesse^ ( 
use in the Art of Dyeing and Printing Textile Fabrics ; with Practo^ 
Receipts and Scientific Information. By Charles O'Neill, Anal)^ 
tical Chemist. To which is added an Essay on Coal Tar Colors ano> 
their application to Dyeing and Calico Printing. By A. A. Fesquet, 
Chemi«t and Engineer. With an appendix on Dyeing and Calico 
Printing, as shown at the Universal Exposition, Paris, 1867- 8vo.^ 
491 pages . . $2.00 

ORTON.— Underground Treasures*. 

How and Where to Find Them. A Key for the Ready Determinati* » 
of tU the Useful Minerals within the United States. By Jame:^ 
^j%i\jH, A.M., Late Professor of Natural H-story in Vassar College;. 
N. Y ; author of the " Andes and the Amazon," etc. A New Edi- 
tion, with An Appendix on Ore Deposits and Testing Minerals (1901 ) 
Illustrated ...*.... $IS^ 
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OSBORN.— The Prospccior's Field Book and Guide. 

la the Searcli V<m: aiui ihe Easy Ueic rraiiianoii <>( Oics and Other 
Useful Miner-ils. By IVil. H. S. Osbokn, LL. L). Illusltaied by66 
Engravings. Eiglnli Eililion. Reviseil and Enlai^ed. 401 pages, 

"'""■ '9'0- $'S° 

PSBORN— A Practical Manual of Minerals, Mines and Min 
ing: 
Comprising Ihe Phvsical I'ropetties, Geologic Poi^iiions, lacal Occur- 
rence and Ass(>cia\iutis of the Useful Minerals; llitrir MrtlioJs iif 
Chemical Analyslii and As.iay ; together with Various Systems of Ex- 
cavating and 'I imberiiig, Brick and Masonry VVorii, during Drivinj;, 
Lining, Bracing and ottier Operations, etc. Hy Pruf. II. S. Osbobn, 
LL. U., Author of " The Prospector's Field- liook aud Guide." 171 
engravings. Second EJitiun, revised. Svo. . . , $^Sf> 
OVBRUAN.— The ManufactOM ol Steel: 
Containing ihe Practice and Principles cf Working and Making Steel, 
A Ilandbonk for B^^ck^^liths and Wniker. in Steel and Iron.Wagor 
Hakeis, Die Sinkers, Cullers, and Manuf^ieturers of Files and Hard- 
rare, of Strel and Iron, and for Men of Science and Art. By 
Frkdekick Overman, Mining Engineer, Author of the " Msnn- 
bctore of Iion," etc. A new, enlarged, and revised Edition. By 
A. A. FE5Qi.fr, Chemist and Engineer, i2mo. ti.50 
OTERHAN.— The Moulder's and Founder's Pocket Guide : 
ATrealiseot MouldingandFounrfingin Green-sand, Dry sand, Loam, 
and Cement; the M<mlding. of Machine Frame?, Mill-gear, Hollow 
ware, Ornamer's, Trinkeis, Bells, and Rlatnes; Descriptinn of Moulds 
for Iron, Brcnie, Brass, imd other Metals; Flakier of Paris, Sulphur 
Wan, etc. ; ihe Construction of Melting Furnaces, ihe Melting and 
Founding of Metals j the Composition o( Alloys and their Nature, 
etc., etc. By Fbedkhick Overman, M, E. A new Edition, ta 
whicii IS added a Supplement on St.-ituary and Omamenial Mouldinf^ 
Ordnance, Malleable Iron Ca-stingB, etc. By A. A. FesqUET, Cheiw 
ta and Engineer, Illustrated bjr 44 engmvings. ismo. . Szxt 
PAINTER, GILDBR.ANDVARN1SHER'S COMPANION. 
Comprising the M.iiiuf.ieiuie ami Test of Pigment, the Arts of PBin^ 
ing. Graining, Marbling, Staining, Sign- writing , Varniithing, Glais- 
.'laining, and Gilding on Glass; together with Coach Paniling and 
Varnishing, and (lie Principles of tlie Harmony and Conirast of 
Colors. TH-emy-sevenlh Edition, Revised, Enlarged, and in great 
jiart Rewritten. By William T. Brannt, Editor of "Varnishes, 
Lacqucni, Printing Inks and Sealing Wanes." Illustrated. 395 pp. 
(150 
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PERCY.— The Manufacture of Russian Sheet-Iron. 
By John Percy, M. D., F. R. S. Paper. • . . 25 ct* 

PERKINS.— Gas and Ventilation: 

Practical Treatise on Gas and Ventilation. Illustrated. I2ma ^1.25 

PERKINS AND STOW£:.— A New Guide to the Sheet-iron 
and Boiler Plate Roller : 
Containing; a Series of Tables showing the Weight of Slabs and Pilc^ 
to Produce Boiler Plates, and of the Weight of Piles and the Sizes of 
Bars to produce Sheet-iron; the Thickness of the Bar Gauge 
in decimals ; the Weight per foot, and the Thickness on the Bar or 
Wire Gauge of the fractional parts of an inch; the Weight per 
sheet, and the Thickness on the Wire Gauge of Sheet-iron of various 
dimensions to weigh 112 lbs. per bundle; and the convei-sion of 
Short Weight into Long Weight, and Long Weight into Short. 

1 1. 50 

POSSELT. — Recent Improvements in Textile Machinery Re* 
lating to Weaving : 
Giving tiie Most Moiicrn Points on the Construction of all Kinds 
of Looms, Warpers, Beamers, Slas'iers, Winders, Spoolers, Reeds, 
Temples, Shuttles, Bobt)ins, Meddles, Heddle Frames, Pickers» 
Jacquards, Card Stampers, Etc., Etc. By E. A. Posselt. 410. 
Fan I., 6co ills. ; Part II., 6oc ills. Each part . . . 53.00- 

Part III., 615 ills $7>5o 

POSSELT.— Technology of Textile Design: 
The Most Complete Treatise on the Construction and Application 
of Weaves for all Textile Fabrics and the Analysis of Cloili. By E. 
A.' Posselt. 1,500 illustrations. 410. . • • • $S-00 

POSSELT. — Textile Calculations I 
A Guide to Calculations Relating to the Manufacture of all Kinds 
of Yarns and Fabrics, the Analysis of Cloth, Speed, Power and Belt 
Calculations. By E. A. PossELT. Illustrated* 4to. • ^2.00 

REGNAULT.— Elements of Chemistry: 
By M. V. Regnault. Translated from the French by T. Forrest 
Betton, M. D., and edited, with Notes, by James C. Booth, Melter 
and Refiner U. S. Mint, and William L. Faber, Metallurgist and 
Mining Engineer. Illustrated by nearly 700 wood-engravings. Com- 
prising nearly 1,500 pages. In two volumes, 8vo., cloth . ^6.00 

RICHARDS.— Aluminium : 

Its History, Occurrence, Properties, Metallurgy and Applications, 
including its Alloys. By Joseph W. Richards, A. C, Chemist and 
Practical Metallurgist, Member of the Deutsche Chemische Gcsell- 
schaft. lUust. Third edition, enlarged and revised (1895) • ^-OO 

RIFFAULT, VERGNAUD, and TOUSSAINT.— A Practical 
Treatise on the Manufacture of Colors for Painting : 
Comprising the Oriirin, Definition, and Classification of Colors; the 
Treatment of the Raw Materials ; the best Formulae and the Newest 
Processes for the Preparation of every description of Pigment, and 
the Necessary Apparatus and Directions for its Use; Dryers; tht 
Testing. Application, and Qualities of Paints, etc., etc. By MM. 
RiFFAULT, Vergnaud, and Toussaint. R w iw i l and Edited by li 
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'KE. Tmntlated froin the French, by A. A, 

Chemist and Engineer. Illustrated by Eighty engravings. In on* 

vol., 8vo., 659 pages JS-"" 

ROPER.— Catechism for Steam Engineers and Electricians: 
lucluding ihe Cunsiruclion and Management of btean Engines, 
Steam B..ilerBand Electric Plants. Uy STepmhn Koper. TH-eoly. 
first eilitlirn, rewritten anil greatly enlarged by E. R. Keller and 
C W, Pike. 365 page^.. Llliuiraliona. iSmo., lucks, gilt, f 2.00 
- ROPBR.— Engineer's Handy Book: 

Containing Facl3, Fortnuix. I'ables and Questions on Power, ks 
Genec.uion, Transmission and Meiaureraent; ileal, Fuel, and Sleamj 
The Steam Boiler and Accessories ; Steam Engines and lli«r Parts | 
Steam Engine Indicatory Gas and Gasoline Engines; Materials t 
theit Properties anil Strength ; Together with a Discussion ot tbe Fan< 
damenialEnperimenlainEleclricily, and an Eiplanation of Dynamo*, 
Miilora, Batteries, etc., and Rules for Calculating Sizes of Wires. Bf 
Sthphen Koper. I5ih edition- Revised and enlsi^ed by E. IL 
KkU-er, M. E. and C. W. Pike, B. S. (1899}, with nomerous illu» 
ttalioiu, I'ocket-book form. Liiaiher $3-S^ 

ROPER.— Hand- Book of Land and Marine Engines : 
Including the Mndclliiig. Conslructinn. Running, and Management 
of Lani" and Marine Eiiginesi and Boilers. With il'ustralions, j(j 
Stephen Roper, Engineer. Sixth edliion. i2mo,,ti'cks, gilt edge, 

*3-50 

ROPER.— Hand-Book of the locomotive ; 
Including the Con>truction of Engines and Boilers, and Ihe Construc- 
tion, Management:, .-ind Running of Locomntives. By Stu>KEN 
Ropbr. Eleventh edition. iSmo., tucks, gilt edge . fi-Sa 

ROPER.— Hand -Book of Modern Steam FL-*-EflglneH. 
With ittustra lions. By Stephen Roper, Engineer. Fourth edition, 
Ismo., tucks, gilt edse J3.SO 

ROPER. — Questions and Answers for Engineers. 
This liillc book contains all the Que-tions that Engineers will be 
asked when undergoing an Exaniinalion for the purpose of procuring 
Licenses, and they are so plain thai any Engineer or Firemnn of or 
dinaiy inlelliffence may commit them to memory in a short time. By 
Stephen RoPSR, Engineer. Third edition . . fa.oo 

KOPER.- Use and Abuse of the Steam Boiler. 

By Stephen Roper, Engineer. Eighth ediiiim, with illustrations, 
ISmo., tucks, gill eiige f 3.0a 

AOSE. — Tbe Complete Practical Machinist : 

Erohradng L:ithe Work, Vise Work, Utills and Drillmg, Tnps and 
Dies, Hardening and Tempering, the Making and Use of Tools 
Tool Giindini;, Marking out Work, Machine Tnols.etC. Ry JosHUA 
Rime. 39; Eni^ravings. Nmeieetiih Edition, greatly Enlarged with 
New and Valnahle Mntter. IZmo., 504 pages. . . $2.^0 

ROSE- Mechanical Drawing Self-Taught: 

* li'ms in the .Selection and Prcnarslion of Dian-Jng 

:nlaty Instr\iction in Piattical Mechi 
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ing, together with Examples in Simple Geometry and Elementarf 
Mechanism, including Screw Threads, Gear Wheels, Mechanical 
Motions, Engines and Boilers. By Joshua Rose, M. E. inosiiated 
by 330 engravings. 8vo , 313 pages .... ^00 

ROSE.— The Slide- Valve Practically Explained: 

Embracing simple and complete Practical Demonstrations of th 
operation of each element in a Slide-valve Movement, and iUustrat* 
in*; the effects of Variations in their Proportions by examples ca^^ 
fully selected from the most recent and successful practice. By 
Joshua Rose, M. E. Illustratetl by 35 engravings . $1.00 

ROSS. — The Blowpipe in Chemistry, Mineralogy and Geology: 
Containing all Known Methods of Anhydrous Analysis, many Work- 
ing Examples, and Instructions for Making Apparatus. By Lieut.- 
COLXJNEL W. A. Ross, R. A., F. G. S. With 120 lUustrations. 
i2mo. ^2.00 

8HAW.-^Civil Architecture : 

Being a Complete Theoretical and Practical System of Building, con- 
taining the Fundamental Principles of the Art. By Edward Shaw, 
Architect. To which is added a Treatise on Gothic Architecture, etc 
By Thomas W. Silix>way and George M. Harding, Architects. 
I'he whole illustrated by 102 quarto plates finely engraved on copper 
Eleventh edition. 4to $6.00 

8HUNK. — A Practical Treatise on Railway Curves and Loca 
tion, for Young Eng^eers. 
By W. F. Shunk, C. E. i2mo. full bound pocket-book form I2.00 

SLATER.— The Manual of Colors and Dye Wares. 
By J. W. Slater. i2mo $S*oo 

SLOAN. — American Houses : 

A variety of Original Desif;ns for Rural Buildings. Illustrated by 
26 colored engravings, with descriptive references. By Samuel 
Sloan, Architect. 8v©. .75 

8LOAN. — Homestead Architecture: 

Ojntainl.:;^ Forty Designs for Villas, Cottages, and Farm-houses, witb 
E;.s.iys on Styiw, Construction, Landscape Gardenmg, Furniture, etc., 
etc. JUastrated by up»vards of 200 engravings. By Samuel Sloan, 
Architea. 8vo. $2.50 

8LOANE. — HoA^e Experiments m Science. 
By T. O'CoNoR Slc^ne, E. M., A. M., Fh. O. Illustrated by 91 
engravings. i2mo. ^I.oo 

8MEATON.— Builder's Pocket -Companion : 

Containing the Elements of Building, Surveying, and Architecture*, 
with Practical Rules and Instructions coii^^ected with the subject. 
By A. C. Smeaton, Civil Engineer, etc. l2mo. 

SMITH.— A Manual of Political Economy. 
By E. Peshine Smith. A New Edition, to which is added a foil 
Index. i2mo. $E ac 
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CMITH.^Parks and Pleasure - Grounds : 

Or Pmciieal NmIu* oh Couiilry Residences, Villas, Publk Parks, and 
Gardens. By Charles H. J. Smith, Landscape Gardener and 
Ganlen Aicliilecr, etc., eic, i2mo. .... |i,00 

SMITH.— The Dyer's lostruclor: 

Cumprisi'ig Practical In:iinAct'.iin» in the Art of Dyeing Silk, Cotton, 
Wuol, and Worsted, and Woolen Goods ; containing nearly Son 
Rei:eitil';. To which is added a Treatise on the An of Padding; and 
the Printing o! Silk Warps, Skeins, and Haml kerchiefs, and the 
yarioua Mi.niants and Culois for the different styles of such work. 
By David Smith, Patiern Dyer, izmo. . . Ji.oo 

SMYTH.— A Rudimentary Treatiae on Coal and Coal-Mining. 
By Warrington W. Smvth, M. A., F. R. C, President R. U. S. 
of C)rnwai!. Fifth edition, revised and corrected. With numer- 
ous illustrations, izmo £1.40 

SNIVELY.— Tables for Systematic Qualitative Chemical AnaL 

Ky John H. Snively. Phr. D. 8vo. Ji.oo 

8NIVELY.— The Elements of Sysiematic Qualitative t^emical 

A HanJ-book for Beginners. By JOHN H. Snively, Phr. D. l6mo. 

(2.00 
STORES.— The Cabinet Maker and Upholsterer's Companion ; 
Com|)ri<ing the Art of Drawing, ns applicable to Cabinet Work; 
Veneering, Inlaving, and Bnhl-Wor'j; the Art of Dyeing and Stain 
InK Wood, Ivory, Bune, TortoiEe-ShcIl, etc. Direction? for Lacker 
'"fii Japannins. and V-iniishm^; la make French Polish, Glues 
Cements, and C»m|io^'.< ns; with numerous Receipts, useful to work 
men gE^eraily. Br aTOKES. Illustrated. A New Edition, with 
an Appendix upor ,ench Polishing, Staining, Imitating, Varnishing, 

rte..«ac. i2n,o Ji.iJ 

VTRENOTM AND OTHER PROPERTIES OF METALS; 
Reports uf Ex|»eriinenis on the ^.trength and other Proj>eriies of 
Metals fur Ciniiuii. Wiih a Uescri|>tior. of the Machines for Te-.tiiie 
Metals, and of the Classificalion of Cannon in service. By Officin 
of the Ordnance Uep.>runent, U. S. J\rmy. By authority o( the Secre 
tnryofWar. lilusirated by 25 laige Uecl plates. Quarto . fs.oo 
ffULLIVAN.— Protection to Native Inilustry. 

By Sir ERWARII Sullivan, Bjronei, author of -Ten Chaptera 0.1 

Social kel..nns." !Jv $I.Ou 

8HBRRATT.— The Elementa of Hand -Railing : 

Simplifieil and Explained in Conciiie i'roblems that ere Fasily Under- 
stood. The whole illustrated with 'i'iiirly-eiE;l)t Accurate and Origi- 
nal Plates, Founiieil on Geoinelucal Principles, ami. Showing t 
Make Kail Wiihuut Centre Ji.iiits, Mnhing Belter Rail of (he 
Material, uitli Half llie I alur, uml Showing How to Lay Out 
«[ all Kinds. ISy R. J, Shi4krait. Folio. . 
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8YME. — Outlines of an Industrial Science. 
hy David Syme. i2ino. . . ... i(2.oe 

TABLES SHOWING THE WEIGHT OP ROUND, 
SQUARE, AND FLAT BAR IRON, STEEL, ETC., 
By Measurement. Cloih • 63 

THALLNER.— Tool-Steel: * 

A Concise Ilanilbook on i'ool-Steel in General. Its Treatment \m 
the 0^)eraiic)ns of Forging. Annealing, Hanlening, Tempering, etc, 
and the Appliances Therefor. ByOiTO Thallner, Manager ia 
Chief of ihe Tool-Steel Works, Bismarck hiitte, Germany. From the 
German by William T. BrannT. Illustrated by 69 engravings. 
194 pages. 8vo. 1932. ...... $2.00 

TEMPLETON. — The Practical Examinator on Steam and th< 

Steam -Engine: 

With Instructive References relative thereto, arranged for the Use of 

Engineers, Students, and others. By William Templeton, En. 

gineer. i2mo. I1.00 

THAUSING.— The Theory and Practice of the Preparation of 
Malt and the Fabrication of Beer: 
With especial reference to the Vienna Process of Brewing. Elah* 
oraled from personal experience by Julius E. Thausing, Professor 
at the School for Brewers, and at the Agricultural Institute, Mddling, 
near Vienna. Translated from the German by William T. Brannt. 
Thoroughly and elaborately edited, with much American matter, and 
according to the latest and most Scientific Practice, hy A. SCHWARZ 
and Dr. A. H. Bauer. Illustrated by 140 Engravings. 8vo., 815 
pages $io.co 

THOMPSON.— Political Economy. With Especial Reference 
to the Industrial History of Nations : 
By Robert E. Thompson, M. A., Professor of Social Science in the 
University of Pennsylvania. l2mo. .... $1>S0 

THOMSON.— Freight Charges Calculator: 

By Andrew Thomson, Freight Agent. 24mo. . . ^1.25 

rURNER*S (THE) COMPANION: 

Containing Instructions in Concentric, Elliptic, and EA:centric Turn. 
h\g; also various Plates of Chucks, Tools, and Instruments; and 
Directions for using the Eccentric Cutter, Drill, Vertical Cutter, and 
Circular Rest; with Patterns and Instructions for woiking them. 

I2mo * . ^I.oo 

TURNING : Specimens of Fancy Turning Executed on the 

Hand or Foot- Lathe : 

With Geometric, Oval, and Eccentric Chucks, and Elliptical Cutting 

Frame. By an Amateur. Illustrated by 30 exquisite Photographs. 

4to. (Scarce.) 
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VAILE.— Qalvaoized-Iron Comic e-MVoiker'a Manual: 

Containing Insltucliims in Laying oM llie Difierent MUres, 

Making Pallerns for all kind? of Plain and Circular Work. Alsc^ 
Tables of Weights, Areas anil Circuniferences of Circles, and olhef 
MaKer calculated lo Benefit (he Trade. By CMaRLeS A. Vaile. 
lUuhlraled by twenty-Qne pliies. 4I0, . . .(Scarce.) 

VIL.LE.— On Artificial Manures : 

Their Chemical Seleciiou and Scientific Application to Agriculture. 
A series of Lectures given at the Eiperi mental Farm at Vineennes, 
during 1867 and 1874-75. % M. Georges Ville. Translated and 
Edited by WlLLlrtM CrooKes, F. R, S. Illnstrated by thirty-one 

engravinLf^. Svo,, 450 pages I6.00 

VII.LE.~Ttae School of Chemii:at Manures : 
Or, Elementary I'rmciplcs in the Use of Fertilizing Agents. From 
the French of M, Geo. Ville, by A. A. Fesquet, Chetnist and En- 
gineer. With IlluslraliDns. izmo. .... tl.25 
VOGDES.— The Architect's and Builder's Pocket- Companion 
and Price-Book : 
Consisting of a Shoil but Comprehensive Epitome of Decimals, Duo- 
decimals, GeometTj and Mensuration ; with Tallies of United Slate* 
Measures, Sizes, Weight'', Strengths, elc, of Iron, Wood, Stone, 
Srick, Cement and Concretes, Quantities o( Materials in given Sizes 
and Dimensions of Wood, Brick and Stone; and full and complele 
Bills of Prices for Carpenter's Work and Painting; also, Rules for 
Computing and Valuing Brick and Brick Work. Stone Work, Paint- 
ing, Plastering, with a Vocabulary of Technical Terms, etc. By 
Frank W-Vogiie-s, Architect, Indianapolis, Ind. Enlarged, revised, 
and corrected. In one volume, 368 pages, full-bound, pocket-book 

form, gilt edges tz.oa 

Goth . . I.S» 

VA C4 CLEVE. — The English »nd American Mechanic : 
Comprising a Collection of Over Three Thousand Recei|it», Rules, 
and Tables, designed for the Use of every Mechanic and Manufac- 
turer, By B. Frank Van CLtiVE. Illusitated. 5001)11. umo. Ja.co 
VAN DER BURQ.— School of Painting for di« Imitation of 
Woods and Marbles : 
A Complete, Practical Treatise on the Art and Craft of Graining and 
Marbling with the Tools and Appliances. 36 plates. Folio, 12x20 

inches f6.0[> 

WAHNSCHAPPB.— A Guide to the ScientiRc Examinatioa 
of Soils: 
Compri-ing Select Methods of Mechanical and Chemical A lalyss 
and Physical Investigation. Translated from the German of Dr. F. 
Waknschaffe. With additions by Wjluam T, Branst. IIlus. 
traled by 25 engravings, uino. 177 pages . . , f 1.^ 
WALTON.— Coal-Mining Described and Illustrated: 
By Thomas H.Walton, Mining Enuinecr. Illustrated by 44 >«iy 
and elaborate Plates, after Actual "Workings and Apparataa. $2.00- 
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'WARE.— The Sugar Beet. 

Including a History of the Beet Sugar Industry in Europe, Varietler 
of the Sugar Beet, Examination, Soils, Tillage, Seeds and Sowing 
Yield and Cost of Cultivation, Harvesting, Transportation, Conserva 
tion. Feeding Qualities of the Beet and of the Pulp, etc. By Lewh 
S. Ware, C. E., M. E. Illustrated by ninety engravings. 8vo. 

13*50 
''WARN.— The Sheet-Metal Worker's Instructor: 

For Zinc, Sheet-Iron, Copper, and Tin-Flate Workers, etc. Contain- 
ing a selection of Geometrical Problems; also, Practical and Simple 
Rules for Describing the various Patterns required in the different 
branches of the above Trades. By Reuben H. Warn, Practical 
Tin- Plate Worker. To which is added an Appendix, containing 
Instructions lor Boiler- Making, Mensuration of Surfaces and Solids, 
Rules for Calculating the Weights of different Figures of Iron and 
Steel, Tables of the Weights of Iron, Steel, etc. Illustrated by thirty 
two Plates and »hirty-seven Wood Engravings. 8vo. . 1^2.50 

"WARNER.— New Theorems, Tables, and Diagrams, for tfa| 
Computation of Earth-work : 

Designed for the u-^e of Engineers in Preliminary and Final Estimates 
of Students in Engineering, and of Contractors and other non-profes< 
sional Computers. In two parts, with an Appendix. Part I. A Prac- 
tical Treatise; Part II. A Theoretical Treatise, and the Appendix. 
Containing Notes to the Rules and Examples of Part I.; Explana 
tions of the Construction of Scales, Tables, and Diagrams, and 1 
Treatise upon Equivalent Square Bases and Equivalent I^vel Hei^^itft 
By John Warner, A. M., Mining and Mechanical Engineer. Illus- 
f -ated by 14 Plates. 8vo. $3»oo 

•WILSON.— Carpentry and Joinery : 

By John Wilson, Lecturer on Building Construction, Carpentry and 
Joinery, etc., in the Manchester Technical School. Third Edition, 
with 65 full-page plates, in flexible cover, oblong. . . (Scarce.) 

WATSON— A Manual of the Hand.Lathe : 

Comprising Concise Directions for Worl<ing Metals of all kinds. 
Ivory, Bone, and Precions Woods ; Dyeing, Coloring, and French 
Polishing ; Inlaying by Veneers, and various methods practised to 
produce Elaborate work with Dispptch, and at Small Expense. By 
Egbert P. Watson. Author of "The Modern Practice of American 
Machinists and Engineers *' Illustrated by 78 engravings. ^1.50 

"WATSON. — The Modern Practice of American Machinists 
and Engineers : 

Includinfif the Construction, Application, and Use of Drills, I^the 
Tools, Cutters for Boring Cylinders, and Hollow-work grenerally, with 
the most Economical Speed for the same ; the Results verified by 
Actual Practice at the Lathe, the Vise, and on the floor. Togethei 
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wilb Workshop Maragement, Economy of Maniiracture, the Sleam. 
Entnie. Bo'lcts, Gears, Helling, elc, elc. Uy Egbekt 1". Watson^ 
llliislra cil liy cigluy-siK engraviiiKS. lanio. . . (2.50 

WATT.— The Alt of Soap Making : 

A Praclical Hand-Book ol the Manufaclare of Karil and Soft Sonji!!,. 
Toilet S-iaps, etc. Fifth Eihiioii, Reviseii, 10 which is added an 
Appendix ou Modecn Candle Making. By Alexandisr WA'tT. 
II!. I2mo »i.(» 

WEATHERLY.— Treatise on the Art of Boiling Sugar, Crya~ 
iBllizing', LozeDge-iSBking. Comlits, Gum Goods, 
And other processes for Confecliootry, including Methods for Manu- 
facturing every Description of Raw and Refined Sugar Goods. A 
New and Enkiged Edition, with hti Appendix on Cocoa, Chocolate, 
Chocolate Confections, etc. 1 96 pages, J 2mo. (1903) . (1.5a 

WILL — Tables of Qualitative Chemical Analysis 

With an Inlioiiuctoty Chjpler on tlie Coui'se of rtnalvsis. By Pro- 
fessor lltlNKiCH Will, of Giessen, Geimany. Tliird American, 
from the eJEVenlli Gennnn ediliun. Edited by CUAKLBS ¥. lEjMes, 
Ph. D., fiofessoT uf Natural Science, Lict>inson College, Carlisle, 
Pa. 8vo Jtl.So. 

WILLIAMS.— On Heat and Steam : 

EmbraeiiiK New Views of Va|rfjntilion, Condensation and Explo- 
sion, By Charles Wye Williams, A. I.e. E. Illustrated. 8vo, 
(2.50 

WILSON.— First Principles of Political Economy: 

With Refereoce to Stalesmaiisliip and lh« Progress uf Civiliii 
By Professor W. U. Wilson, of the Coriieli University. A new 
revised edition. i2mo tl.ja 

WILSON.— The Practical Tool-Maker and Designer: 

A Treatise upon ihe Designing of Tools and Fixluren for Machine 
Tools and Metal Working Machinery, Compri^ng Modern Examples' 
of Machines uilh Fundamental Designs for Tools (or the Actual Pro- 
duc ion of the work; Tc«Clher with Special Kefereuce 10 a Set of 
TmoIs for Macliiniiii; ihe Various Parts of a Bicycle. lUusirated bj- 

1S9 engravings. 189S. {3.50- 

CONTENTS : Imruducloir. Chamn I. Madan Tool Rddb> und Equlpmeni. 
II. FilM,Th.irU>i!Kdd Abuse. III. Ki«l and TfioMrlnB. IV. MflkiDgJigj 
■'. MiLlinEMacbineFiiiurc.. VI. Tonls andFlxtureaforScrtw Machine!!. \11 



BrMchine. VIII. Pundh«.niiDieiifor Cmiingajid DropPrew. 
Hdllow-WarF, X. Enib«!>iiiK^ Iiliial. Coin, and Stamped SheEi.MEIai Oma. 
ntnli. XI. Drop ForgiDg, XII. Folid T)r»v;n Shelli Drl->rna«. Cupptngor 
Cuniag. and Dravrtng ; Sruklni Down Shell.. XUl. AnDHliiig.Plckling.aiiil 
Cknining, XI V. Toolj for Draw Bmch. XV. CuliiBBindABtemblingPieci* 
by M«nsi>fBatc!lEiDialPlatei>iOnEOperal<an. XVI. TheHrader. XVII. 
TdoLu for Foj LalSe. XVIII. Suggtaiioni for a Set of Tools for Machiding die 
Vanoiii Pansof a BicyeLe, XIX. The Plaitr's Dynamo, XX. tonclusioii— 
Wiib a. Few Random Ideas. Appendix. Index. 
VrOODS —Compound Locorooiiveii : 

By Arthur Tannatt Woods, -Second edition, revised and eolarged 
by David Leonard Barnes, A. M,, C. ^. 8to, 330 pp. 
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WOHLER.— A Hand-Book of Mineral Analysis : 

By F. W5HLER, Professor of Chemistry in the University of G^ttin- 
gen. Edited by Henry B. Nason, Professor of Chemistry in the 
Renssalaer Polytechnic Institute, Troy, New York. Illustrated. 
i2mo. $2. so 

WORSSAM.— On' Mechanical Saws : 

From the Transactions of the Society of EngineeirSr 1869. By S. W. 
WoRssAM, Jr. Illustrated by eighteen large plates. Svo. $i.50 



RECENT ADDITIONS. 

BRANNT. — ^Varnishes, Lacquers, Printing Inks and Seiding- 
Waxes : 
Their Raw Materials and their Manufacture, to which is added the 
Art of Varnishing and Lacquering, including the Preparation of Put- 
ties and of Stains for Wood, Ivory, Bone, Horn, and Leather. By 
William T. Brannt. Illustrated by 39 Engravings, 338 pages. 
i2mo. I3.00 

BRANNT. — The Practical Dry Cleaner, Scourer, and Gar- 
ment Dyer : 
Comprising Dry or Chemical Cleaning ; Purification of Benzine ; Re- 
moving Stains or Spotting; Wet Cleaning; Finishing Cleaned Fabrics; 
Cleaning and Dyeing Furs, Skins, Rugs, and Mats; Cleaning and 
Dyeing Featiiers; Bleaching and Dyeing Straw Hats; Cleaning and 
Dyeing Gloves; Garment Dyeing; Stiipping; Analysis of Textile 
Fabrics. Edited by William T. Brannt, Editor of "The Techno- 
Chemical Receipt Book." Third Edition, Revised and Enlarged. 
Illustrated by Twenty-Three Engravings $2 50 

BR AN NT.— Petroleuni . 
its History, Origin, Occunrence, Prodaction, Physical and Chemical 
Constitution, Technology, Examination and Uses; Together with 
the Occurrence and Uses of Natural Gas. Edited chiefly from the 
German of Prof. Hans Hoefer and Dr. Alexander Veith, by Wif. 
T. Brannt. lUilstrated by 3 Plates and 2S4 Engravings. 743 pp. 
8to. $i0.oo 

BRANNT. — A Practical Treatise ou the Manufacture of Vine- 
gar and Acetates, Cider, and Fruit- Wines : 

Preservation of Fruits and Vegetables by Canning and Evaporation ; 
Preparation of Fruit- Butters, Jellies, Marmalades, Calchups, Pickles, 
Mustards, etc. Edited from various sources. By William T. 
Brannt. Illustrated by 79 Engravings. 479 pp. 8vo. $6.00 

BRANNT.— The Metal Worker's Handy-Book of Receipts 
and Processes : 

Being a Collection of Chemical Formulas and Practical Manipula- 
tions for the working of all Metals ; including the Decoration and 
Beautifying of Articles Manufactured therefrom, as well as their 
Preservation. Edited from various sources. By WiLLlAM T. 
Bkannt. Illurtrated. lamo. $2.50 
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DCITE.— A Practical Tieatise on the Manufactuie of Per- 

Comnrisiiig directions for making all Rinds of PeTrumes, Sachet 
Powders, Fu^nigalinc Materials, Dcnlifiices, Cosmelics, etc., with a 
full account of the N'olatile Oiis, Bal^mms. Resinii. and other Natural 
and Aniliciai Perfume -substancCH, incluriing the Mnnufnclure of 
Fruit Ethers, and testa of their purity. By Dr. C, Deite. assisted 
by L. BoRCHERr, F. Eichbaum. E. Kugleh, H. Tobffner, and 
other expeits. From the Gennaa, by W«. T. Bkannt. 38 Engra' 
ii^s. 358 pages. 8to J3.00 

EDWARDS,— American Marine Engineer, Theoretical and 
Practical 1 
Willi Examples of the latest and most approved American Practice. 
By Emory Edwards. 85 illustrations, izmo. , J3.00 

EDWARDS.— 900 Examination Questions and Answers: 
ForEnKineers and Firemen (Land and Marine) w ho dewretoob- 
taLU a United States Government or Slate License. Pocket-book 
foiin, gik edge fl.SO 

FLBM MING. —Practical Tanning: 

A Handbook of Modern ProcesseSi, Receipts, and Su^estions for the 
Treatment of Hides, Skins, and Pelts of Every Description. By 
Lewis A. Flimming. American Tanner. 472 pp. 8vo. ^1903) (4.0O. 

POSSELT.— The Jacquard Macbine Analysed and Explained] 
Wilh an Appendix on the frepnriition ot Jacquard Cards, and 
Practical Hinls to Learners of Jacquard Designing. By E. A. 
FoSsELT. With 330 illustrations and numerous dingraros. 117 pp, 
4t" $3°0 

POaSBLT.— Recent ImprovememB in Textile Macfaineiy, 
Part III : 
Processes Required for Converting Wool, Cotton, Silk, from Fibre 
to Finished Fabric, Covering both Woven and Knit Goods ; Con- 
struclLon of the most Modern Improvements in Preparatory Machin- 
ery, Carding, Combing, Drawing, ond Spinning Machinery, Winding, 
Warping, Slashing Machinery Loonis, Machinery for Knit Goods, 
Dye StuiTs, Chemicals, Soaps, Latest Impmved Accessories Relnl- 
iiig to Constraclion and Equipment of Modern Textile Manufaeturi 
ing Plants. By E. A. PossELT. Complelel- Illuslmted. 4to. 

(7.50 

RICH.— Artifltic Horae.Shoeing : 

A Practical and Scieniific Treatise, giving Improved Methods of 
Shoeing, with Special Directions foi Shaping Shoes to Cure Different 
Diseases of the Foot, and for the Correctiiin of Faulty AcLion \a 
Trolien. By Geori:! E. Rtcii. 6z III uai rati au. 153 pa^'es 
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RICHARDSON. -Practical Blacksmithing: 
A Collection of Articles Contributed at Diflferent Times by Skilled 
Workmen to the columns of ** The Blacksmith and Wheelwright,*' 
and Covering nearly the Whole Range of Blacksmithing, from the 
Simplest Job of Work to some of the Most Complex Forgings, 
Compiled and Edited by M. T. Richardson. 

Vol. I. 2IO Illustrations. 224 pages. l2mo. • • #l.oo> 
Vol. II. 230 Illustrations. 262 pages. l2mo. • • ]^I.oo 
Vol. III. 390 Illustrations. 307 pages. i2mo. • • #1.00 
Vol. IV. 226 Illustrations. 276 pages. l2mo, , , #i.oa 

RICHARDSON— The Practical Horaeshoer:^ 
Being a Collection of Articles on Horseshoeing in all its Branchea 
which have appeared from time to time in the columns of *< 1 he 
Blacksmith and Wheelwright,*' etc. Compiled and edited bj M. T. 
Richardson. 174 illustrations ' . ^i.oa 

ROPER.-^Instructions and Suggestions for Engineers and 
Firemen : 
By Stephen Roper, Engineer. i8mo. Morocco . |t2.oo 

ROPER. — The Steam Boiler: Its Care and Management: 

By Stephen Roper, Engineer. i2mo., tuck, gilt edges. $2,00 

ROPER. — The Young Engineer's Own Book: 

Containing an Explanation of the Principle and Theories on wliich 
Uie Steam Engine as a Prime Mover is Based. By STEPHEN RoPEai 
Engineer. 160 illustrations, 363 pages. l8mo., tuck . $^.$0 

ItOSE. — Modem Steam- Eng^es: 
An Elementary Treatise upon the Steam-Engine, written in Plai« 
language ; for Use in the Workshop as well as in the Drawing Office. 
Giving Full Explanations of the Construction of Modern Steanv 
Engines : Including Diagrams showing their Actual operatioii. To^ 
gether with Complete but Simple Explanations of the operstions of 
various Kinds of Valves, Valve Motions, and Link Motions, etc.^ 
thereby Enablini; the Ordinary Engineer to clearly Understand tfae- 
Ihrincipies Involved in their Construction and Use, and to Plot out 
their Movements upon the Drawing Board. By JosHUA R068» M. E. 
lUnstrated by 422 engravings. Revised. 358 pp. • • I6.00- 

ROSE.— Steam Boilers: 
A Practical Treatise on Bniler Construction and Exam/nation, forthe- 
Use of Practical Boiler Makers, Boiler Users, and laspectois; and 
embracing in plain figures all the calculations necessary in Designing 
or Classifying Steam Boilers. By Joshua Rose, M. E. Illustmted 
by 73 engravings. 250 pages. 8vo ^2.50- 

dCHRIBER.— The Complete Carriage and Wagon Painter: 
A Concise Compendium of the Art of Pointing Carriages^ Wagons, 
and Sleighs, embracing Full Directions m all the VarioQS Bnmches,. 
including Lettering, Scrolhng, Ornamenting, Str^ng^ Vamishing, 
and Coloring, with numerous Recipes for Mixing Coloft. 73 lUns^ 
tfatx>n8. 177 pp. i2mo • • $IJ3^ 
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